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Foreword 

This  Final  Progress  Report  covers  the  activities  performed  from 

March  1979  through  February  1980,  under  contract  N66001  -79-C-0022  WJC. 

The  program  was  conducted  within  the  Advanced  Manufacturing  Technology 
Laboratory  at  the  Pomona  Division  of  General  Dynamics.  The  cognizant 
responsibility  is  under  Dr.  M.  L.  Charters  of  Advanced  Manufacturing 
Technology.  Mr.  William  L.  MacTurk  is  the  program  director  and 
principal  investigator.  Messrs  G.  K.  Paulitz  and  C.  R.  Auletti  of 
Advanced  Manufacturing  Technology  have  the  technical  tasks  of  the 
injection  molding/tooling  and  plating  portions  respectively  of  this 
program.  Electrical  and  Environmental  Testing  is  under  the  direction 
of  Mr.  R.  M.  Haner,  Group  Engineer  of  Engineering  Design  Department  223. 
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Manufacturing  Technology  Code  SEA  035,  Mr.  Harry  Byron.  The  contract 
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Systems  Center,  Code  9243,  Mr.  John  Markall. 
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ABSTRACT 

The  work  contained  in  this  report  details  the  activities 
accomplished  from  March  1979  to  the  end  of  February  1980 
by  the  Advanced  Manufacturing  Technology  Section  at  General 
Dynamics,  Pomona  Division,  on  a  Manufacturing  Technology 
Program  for  Microwave  Components.  Specifically  this  program 
deals  with  the  injection  molding  and  plating  of  a  plastic 
microwave  waveguide  post  filter  operating  in  the  S  Band 
region  and  suitable  for  use  on  the  Navy  Phalanx  Ship/Gun 
System  now  under  production  at  General  Dynamics  Pomona. 

This  extremely  low  cost  lightweight  plastic  filter  has 
excellent  design  advantages  over  the  conventional  machined 
metal  filter  such  as  VSWR,  insertion  loss,  and  attenuation 
at  stop  band,  in  addition  to  large  significant  cost  factors 
compared  with  the  machined  metal  filters  of  over  20:1. 

Since  other  electrical  filters  of  the  same  geometry  working 
at  different  frequency  bands  in  the  Phalanx  Ship/Gun  System 
are  also  compatible  with  this  manufacturing  development 
process  these  filters  would  also  exhibit  extremely  large 
cost  savings  and  superior  electrical  design  advantages  in 
comparison  with  conventional  machined  metal  filters  now 
employed. 

This  program,  sponsored  by  the  Naval  Ocean  Systems  Center, 

San  Diego,  California,  under  contract  N66001-79-C-0022  WJC, 
enabled  the  transition  from  a  development  phase  to  a  production- 
ready  manufacturing  process  whereby  low  cost,  lightweight, 
injection  molded  microwave  filters  were  produced  with  high 
production  yields  commensurate  with  high  design  reliability 
and  performance. 

This  final  report  also  contains  the  test  plan  which  was 
assiduously  followed  during  the  course  of  the  program  and 
the  results  appear  as  appendices  at  the  end  of  the  report 
with  the  appropriate  organization  group  that  conducted  the 
tests  designated. 
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ABSTRACT  (Continued) 

A  Development  Process  Specification  (D.P.S.)  detailing  the 
manufacturing  steps  pursued  in  the  construction  of  these 
microwave  filters  is  also  appended  to  this  final  report 
along  with  vendor  information  as  to  the  materials  employed 
in  the  fabrication  of  the  filters. 


Engineering  drawings  and  tool  drawings  of  the  filter  design 
and  fabrication  are  also  included  in  this  final  report. 
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1.0  OBJECTIVE 

To  establish,  demonstrate,  and  document  a  manufacturing 
process  specifically  for  fabricating  plated  microwave 
injection  molded  post  waveguide  filters  operating  in  the  S 
band  region.  The  filter  in  question  is  a  13  post  comb 
filter  injection  molded  from  a  polyester/glass  filled 
thermoplastic  called  Valox  420  SEO  manufactured  by  General 
Electric. 

This  process  shall  be  commensurate  with  production 
scale  techniques  and  tooling.  The  resultant  filters  will 
be  suitable  for  use  with  land  or  sea  based  military  radar 
systems  and  also  on  missile  radar  and  aircraft  radar  systems. 

These  injection  molded  filters  will  exhibit  superior 
electrical  characteristics  to  the  conventional  metal 
machined  filters  with  cost  reductions  greater  than  20:1. 
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2.0  INTRODUCTION 


Over  the  past  several  years  much  of  the  IRAD  activity  pursued 
by  the  Advanced  Manufacturing  Technology  Section  at  General  Dynamics 
Pomona  Division  has  been  in  the  field  of  plastic  injection  molded 
microwave  componentry.  Here  high  strength,  high  temperature 
injection  molded  plastics  have  been  utilized  to  produce  precision 
microwave  components  at  a  fraction  of  the  cost  of  conventional 
metal  componentry,  and  in  many  cases  superior  electrical 
characteristics  and,  as  a  consequence,  superior  design  reliability 
are  achieved.  Design  repeatability  has  also  been  enhanced  by  these 
automated  processes  since  machine  operator  error  has  been  removed. 

Four  patents  have  been  issued  to  General  Dynamics,  Pomona 
Division  over  the  past  four  years  on  plastic  molded  microwave  horns, 
filters,  and  antennas.  They  are:  3,896,545,  Molded  Waveguide  Filter 
with  Integral  Tuning  Posts;  3,955,161,  Molded  Waveguide  Filters  with 
Integral  Tuning  Posts;  3,897,294,  Forming  a  Parabolic  Antenna;  and 
3,985,851,  Method  of  Forming  a  Feed  Horn. 

The  Phalanx  CIWS  System  has  incorporated  an  injection  molded 
microwave  window  lens  into  the  production  contract,  with  a  series 
of  four  microwave  filters  of  differing  wavelengths  also  being 
proposed  by  the  Engineering  Group  for  acceptance  into  the  Phalanx 
CIWS  production  contract,  after  the  initial  successes  by  Advanced 
Manufacturing  Technology  on  plated  microwave  filters  exhibiting 
superior  electrical  characteristics  at  cost  savings  greater  than 
20:1  over  conventional  machined  metal  filters. 

Machined  metal  filters  of  this  type  due  to  stringent 
dimensional  tolerances  and  complexity  of  manufacture  do  not  afforJ 
production  yields  and  if  costly  machining,  dip  brazing,  plating  and 
assembly  operations  attendant  with  large  capital  equipment  outlays 
are  to  be  avoided  it  is  mandatory  that  the  highly  automated 
injection  molded  microwave  filter  be  employed. 

To  this  end  the  program  sponsored  by  N.O.S.C  San  Diego, 
California  and  contained  in  this  report  will  show  the  feasibility 
of  this  type  of  microwave  plastic  component  and  its  acceptance 
into  the  Navy  Phalanx  CIWS. 
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3.0  ENGINEERING  APPROACH  AND  RESULTS 
3.1  Machined  Metal  Microwave  Filters 

Conventional  machined  metal  waveguide  post  filters  by  their 
nature  have  extremely  high  attendant  cost  factors  and  are  difficult 
to  produce. 

Large  capital  outlays  are  required  for  machining  and  dip  brazing 
metal  waveguide  filters,  and  with  the  stringent  dimensional  tolerances 
which  must  be  met  with  these  microwave  components  an  inherently  large 
scrap  rate  results. 

Repeated  operator  errors  in  machining  these  metal  filters  and 
the  ensuing  complex  dip  brazing  and  assembly  operations  imply  a 
condition  of  non-uniformity  of  dimension  between  filters  and 
tolerance  error  build-up  between  the  tuning  posts  of  each  filter. 

This  in  turn  leads  to  poor  electrical  filtering  or  failure  at  the 
operational  level.  This  has  been  evidenced  in  the  S  band  filter 
contained  in  the  body  of  this  report  where  electrical  specifications 
such  as  insertion  loss,  VSWR,  and  stop  band  attenuation  could  not  be 
met  and  had  to  be  increased  in  order  to  produce  a  machined  metal  filter 
within  the  specified  pass  band. 

The  current  standard  approach  in  industry  for  fabricating 
microwave  post  filters  is  the  conventional  method  of  machining 
metals  such  as  aluminum  and  copper  and  the  utilization  of  dip  or 
silver  brazing  of  the  metal  posts  into  the  machined  metal  waveguide 
cavity  or  in  some  cases  dip  or  silver  brazing  the  posts  into  the 
filter  cap.  The  filter  cap  is  then  machined  with  attachment  holes 
being  drilled  through  the  cap  and  mating  with  threaded  holes  in  the 
waveguide  cavity  walls.  Tuning  screws  directly  over  or  under  the 
tuning  posts  depending  on  whether  the  posts  are  in  the  filter  cap 
or  waveguide  cavity  allow  tuning  of  the  filters  by  adjusting  the 
tuning  screw  into  the  waveguide  cavity  and  so  increasing  or  decreasing 
the  capacitive  air  gap  between  the  post  and  tuning  screw. 

Since  most  post  metal  filters  are  fabricated  from  aluminum  due 
to  weight  reasons,  these  filters  to  prevent  oxidation  with  time  are 
both  copper  and  gold  plated  electrolytically.  These  plating 
operations  because  of  the  complex  physical  geometry  of  the  filters 
enhance  out  of  tolerance  conditions  due  to  non-uniform  plating 
thickness  build-up  caused  by  sharp  corners  in  the  waveguide  cavities, 
tuning  post  extremities,  and  tuning  screw  cavities.  This  in 
addition  to  the  stringent  dimensional  tolerances  (0.003"  to  0.0005") 
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between  post  separation,  post  height,  post  diameter,  and  post 
perpendicularity  to  waveguide  'a*  and  'b1  dimensions  all  exhibit 
a  precision  which  is  difficult  to  achieve  by  conventional  machining 
practices. 

3.1.1  Electrical  Considerations 


The  design  of  microwave  post  filters  is  based  on  electrically 
coupling  arrays  of  circular  rods  located  between  parallel  ground 
planes.  These  rods  are  made  to  resonate 

up  to  the  mutual  capacitances  (C  )  between  rods  and  the  self¬ 
capacitance  (Cg)  of  each  rod  andmground.  To  provide  the  proper 
frequency  response  and  band  width  desired,  post  diameter  and  post 
separation  are  made  to  vary  along  the  center  line  of  the  b-plane 
of  the  waveguide  cavity.  The  resultant  small  differences  in 
mutual  and  self-capacitances  (pi co-farads)  between  rods  and 
between  each  rod  and  ground  can  be  directly  related  to  precise 
physical  dimensions. 

Figure  3-1  shows  the  electrical  configuration  of  four 
electrically  coupled  circular  cylindrical  rods  between  the  parallel 
ground  planes  of  a  waveguide  body.  The  circular  rods  have  a  diameter, 
d,  and  are  spaced  periodically  at  a  distance,  C.  The  ground  planes 
are  separated  at  a  distance,  b.  The  spacing  between  adjacent  rod 
surfaces  is  denoted  by  a  s  and  is  given  by  s  =  c  -  d  with  each  rod 
having  some  inductance  value  L. 


Figure  3-1  Electrical  Configuration  of  Circular  Rods 
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Since  small  changes  in  the  total  static  capacitance  between 
neighboring  rods  (sum  of  mutual  and  self-capacitances)  result  in 
large  frequency  variations,  it  is  mandatory  that  physical  dimension¬ 
ing  of  the  rod  diameters  and  spacings  which  directly  relate  to  these 
capacitances  be  precisely  controlled. 

3. 1.1.1  Tuning 

In  practice  it  has  been  extremely  difficult  to  machine  metal 
microwave  filters  and  provide  the  stringent  electrical  performance 
requirements  desired.  To  provide  some  degree  of  control  over 
bandpass,  attenuation,  and  insertion  loss,  tuning  slugs  are 
positioned  in  the  filter  cap  directly  over  each  tuning  post,  the 
post  height  being  such  that  a  constant  air  gap  between  post 
height  and  the  base  of  the  filter  cap  is  effected.  The  tuning  slug 
is  then  adjusted  into  this  air  gap  to  effect  an  increasing  or 
decreasing  air  capacitance  as  the  need  may  be,  and  so  control  to 
some  extent  the  mutual  and  self-capacitances  of  successive  coupled 
rods. 


This  has  proved  satisfactory  to  some  degree,  although  tuning 
times  have  been  excessive.  For  the  SI 3  filter  in  question,  tuning 
the  filter  has  taken  in  excess  of  6  hours  and  in  some  cases,  due 
to  out-of-tolerance  machining,  it  can  not  be  tuned. 

The  SI 3  metal  filter  discussed  in  this  program  has  13  tuning 
screws.  Each  tuning  screw  has  to  be  precisely  adjusted  by  hand  and 
the  13  tuning  screws  have  to  be  set  and  reset  as  adjustments  are 
made  between  successive  pairs  of  rods  in  order  to  produce  the  proper 
bandpass  and  frequency  response  over  a  large  band  of  frequencies. 

3.1.2  Metal  Filter  Costs 

A  cost  analysis  conducted  some  years  ago  on  an  SI 3  metal  filter 
showed  a  machine  time  in  excess  of  36  hours.  Assembly  time  was  in 
excess  of  16  hours,  and  the  problem  encountered  in  repeatability  of 
dimensional  tolerances  due  to  operator  error  resulted  in  a  large 
scrap  rate  (over  30  percent). 

Comparing  these  costs  with  that  of  an  injection  molded  plastic 
filter,  an  operator  using  a  single  cavity  mold  can  produce  40  filters 
in  an  8-hour  work  day.  This  is  significant  when  it  is  also  considered 
that  repeatability  of  dimensional  tolerances  is  easily  achieved  and, 
unlike  conventional  machined  filters,  operator  error  is  entirely 
eliminated. 
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Figure  3-2  shows  an  S13  machined  metal  filter  after  final 
assembly. 

3.2  Selection  of  an  Injection  Molding  Thermoplastic 

As  referenced  in  the  Test  Plan,  Appendix  A  the  program  began 
with  examining  the  physical  properties  of  the  plastic  selected 
after  a  thorough  comparison  had  been  made  with  other  injection  molding 
thermoplastics. 

The  Test  Plan  was  the  outline  used  in  the  compilation  of  the  body 
of  this  report  and  should  be  consulted  as  to  program  development  and 
time  scheduling. 

Three  thermoplastics  that  were  initially  attractive  as  candidates 
for  microwave  filters  were:  Borg  Warner's  plating  grade  ABS  Cycolac 
EP  3510  for  its  ease  of  plating  and  moldability;  General  Electric's 
20%  glass  filled  polycarbonate  Lexan  341?  for  its  low  coefficient 
of  thermal  expansion  (1-49  x  10"5  in/in/°F),  and  Valox,  which  also 
possessed  a  low  coefficient  of  thermal  expansion  (3.10  x  10“°  in/in/°F) 
and  thermal  conductivity  (1.3  BTU/hr/f t2/°F/ in) .  A  summary  of  the 
plastics'  thermal  and  mechanical  properties  is  shown  in  Table  3-1. 

Despite  its  ease  of  plating  and  high  copper  adhesion  Borg  Warner's 
ABS  was  found  to  be  unsatisfactory.  This  was  due  to  its  relatively 
high  coefficient  of  linear  thermal  expansion  (see  Table  3-1)  which  led 
to  longitudinal  cracking  of  the  electroless  copper  when  subjected  to 
thermal  cycling.  Since  dimensional  stability  is  critical  to  the 
fabrication  of  the  filter,  it  was  felt  that  the  ABS  parts  would 
exceed  dimensional  tolerances. 

Though  Lexan  easily  passed  the  dimensional  stability  requirement, 
its  surface  was  found  to  be  difficult  to  "wet"  and  all  adhesion 
values  were  well  under  one  pound  pull  per  inch  width.  The  poor 
copper  adhesion  led  to  numerous  blisters  on  plated  Lexan  parts. 

Like  Lexan,  Valox  easily  met  dimensional  tolerance  requirements, 
but  its  surface  unlike  Lexan's  was  easily  wettable,  which  allowed 
for  even  etching  action,  and  ultimately  far  greater  copper  adhesion. 

Copper-plated  Valox  parts  passed  the  thermal  cycling  temperatures, 
with  no  longitudinal  cracking  in  the  plating.  This  was  due  to  the 
lower  coefficient  of  thermal  expansion  (as  compared  to  ABS)  brought 
about  by  the  presence  of  glass  fibers  in  the  polyester  resin. 
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3.2.1  Coefficient  of  Thermal  Expansion  and  Thermal  Conductivity 
of  Injection  Molded  Plastics' 

In  intricate  molded  shapes  such  as  the  microwave  filter  under 
discussion  two  important  characteristics  should  be  observed  during 
the  molding  phase.  These  are  the  coefficient  of  thermal  expansion 
of  the  plastic  (a)  and  the  thermal  conductivity  factor  ( k ) . 

Coefficients  of  thermal  expansion  should  be  as  low  as  possible, 
and  thermal  conduction  be  as  high  as  practical,  consistent  with  good 
design  practice.  Complex  injection  molded  shapes  with  high  thermal 
expansion  coefficients  and  low  thermal  conductivities  exhibit 
considerable  "dimpling"  and  "sinking"  due  to  poor  heat  conduction 
and  high  shrinkage  through  the  thicker  portion  of  the  mold  during  the 
molding  phase.  Good  heat  conduction  through  the  plastic  to  the  cold 
surfaces  of  the  tooling  mold  must  be  accomplished  uniformly  and 
quickly  if  "sinks"  are  to  be  prevented,  especially  under  the  high 
pressures  involved. 

Examples  of  these  effects  are  numerous  and  Figure  3-3  shows  this 
condition  for  ABS  plastic  (Cycolac).  Figure  3-4  shows  the  smooth, 
uniform  appearance  of  a  polyester/glass  (Valox)  molded  part  at  the 
same  location. 

Table  3-1  is  self-explanatory  and  defines  the  large  differences 
in  the  a  and  k  factors  between  ABS  platable-grade  injection  molded 
plastic  and  injection  molded  polyester/glass. 

Figure  3-3  also  exhibits  carbonizing  at  the  top  of  the  output 
post.  This  condition  is  enhanced  by  the  low  thermal  conductivity 
of  the  ABS  plastic  although  the  major  cause  is  plastic  "burning" 
due  to  extremely  hot  air  entrapment  and  slow  air  escape  in  that 
area. 


3.2.2  Valox  420  SEP  Properties 

Physical  and  mechanical  properties  of  Valox  420  SEO  are 
excellent.  The  heat  deflection  temperature  is  very  high  and  is 
rated  at  415°F.  Water  absorption  is  very  low  and  a  waveguide 
filter  immersed  in  water  at  room  temperature  for  24  hours  showed 
an  increase  in  weight  of  only  0.08  percent.  At  an  operating 
temperature  of  160°F,  the  maximum  temperature  the  filters  would 
experience,  the  flexural  modulus  of  the  Valox  would  be  greater 
than  5.7  x  10$  psi  and  the  tensile  strength  in  excess  of  10.6  x 
103  psi. 
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For  these  reasons  and  others  stated  previously  this  injection 
molded  plastic  was  accepted  for  fabrication  of  the  SI 3  microwave 
filter. 

3.3  Mechanical  Properties  of  Valox  420  SEP 

3.3.1  Sample  Size  Selection 

The  program  began  with  the  design  and  fabrication  of  the  molds 
for  tensile  strength,  compressive  strength,  and  flexural  modulus. 

The  mold  for  the  tensile  strength  was  made  in  accordance  with 
ASTM  D638-71a  utilizing  a  type  V  sample  size. 

Type  V  represents  the  smallest  sample  and  is  0.125"  thick, 

0.125"  wide,  and  2.5"  long.  This  smaller  size  was  selected  for  all 
cases  because  it  is  superior  in  moldability.  This  will  result  in  a 
more  homogeneous  density  and  thus  a  true  sample  of  the  material. 

A  larger  sample  size  would  develop  premature  crystallization 
and  perhaps  voids.  For  the  compressive  strength  test  a  sample  size 
of  0.125"  thick,  0.50"  wide,  and  1.0*  long  was  selected  from 
paragraph  5-2  of  ASTM  0695.  For  the  flexural  modulus  test  a  sample 
size  of  0.125"  thick,  0.50"  wide,  and  2.5"  long  was  selected 
because  of  its  compatibility  with  the  compressive  sample  in 
thickness  and  width,  and  acceptability  with  ASTM  D790.  Both  samples 
were  cut  from  parts  made  from  a  0.125”  by  0.5"  by  3.0"  mold.  This 
was  done  to  reduce  tooling  costs  on  the  sample  molds. 

Both  the  tensile  mold  and  the  common  mold  used  for  the  compressive 
strength  and  flexural  modulus  tests  after  fabrication  were  used  to 
mold  the  specimens  required  for  the  comprehensive  tests  which  followed. 

Five  test  coupons  each  were  fabricated  for  the  three  tests 
specified  above.  Figures  3-5,  3-6  show  two  specimens  in  the  Instron 
Testing  Machine  ready  for  tensile  strength  measurements.  Figure  3-7 
depicts  the  chart  drive  of  the  Instron  Universal  Testing  Machine. 

3.3.2  Tensile  Strength 

As  stated  in  Section  1 1 -B ,  1  of  the  Test  Plan  tensile  strength 
of  the  five  injection  molded  Valox  coupons  should  be  greater  than 
16,000  psi . 
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Table  3-2  shows  the  tensile  strength  on  five  molded 
coupons  all  well  above  the  test  acceptance  level,  and  from  the 
table  the  mathematics  derived  for  tensile  strength,  sampling, 
and  standard  deviation. 

o 

A  =  WxD  where  A  =  area  (in  );  W  =  Width  (in);  D  =  Depth  (in) 


Stress  =  Force/A 

X  =  (X1  +  X2  ••■XN)/N 

/jrx1-  vx  *■ 
Std.Dev.  -  sJ^Hrri - 

Using  the  data  for  sample  0 


,  2 


=  275  lbs/0.0156  in2  =  1.76  x  104  psi 


A  =  0.129"x  0.121"  =  .0156  in 

Stress 

and  for  the  total  sampling, 
l  =  1.77  x  104  psi 


7- 


Std.  Dev.  =/(1.76  x  104)2  +  (1.71  x  104)2 


-5(1.77  x  104)2 


=  4.89  x  10  psi 


Two  coupons,  numbers  4  and  5,  were  discarded  since  breakage 
occurred  outside  the  predetermined  gage  marks.  (See  ASTM  D  638 
paragraph  7.3.) 


Appendix  B  contains  the  chart  graph  data  taken  from  the  Instron 
Tensilometer. 


3.3.3  Compressive  Strength 

Table  3-3  delineates  compressive  strength  sampling  on  six  test 
coupons.  Test  acceptance  level  was  18,000  psi  as  indicated  in  the 
Test  Plan  and  again  all  sample  coupons  well  exceeded  the  test 
specification.  As  in  the  tensile  strength  measurements  the  average 
value  and  the  standard  deviation  value  computed  as  required 
by  ASTM  D638-71 a  paragraph  10.6  and  10.7  were  derived  as  follows: 
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A  =  WxD  where  A  =  Area  (in2);  W  =  Width  (in);  and 
D  =  Depth  (in) 

Stress  =  Force/A 

X  =  (X-|  +  X2  +  •  •  •  xn)/n 

SM- De’'-  ■  J 

Using  the  data  for  sample  1, 

A  =  0.491  x  0.123  =  6.04  x  10"2  in2 
Stress  =  1235  lbs/6.04  x  10'2in2  =  2.05  x  104  psi 
and  for  the  total  sampling, 

l  =  2.18  x  104  pSi 


Std.  Dev.  =  /  (2.05  x  IQ4)  ?+  (2.11  x  loV 


4  2 

-(6  (2.18  x  10  )  ) 


2 

=  9.83  x  10  PSi 

Appendix  B  lists  the  chart  graph  data. 
3.3.4  Flexural  Modulus 


The  flexural  modulus  samples,  like  the  tensile  and  compressive 
samples, were  made  intentionally  small.  They  were  selected  from 
ASTM-D790,  Method  I,  and  had  a  0.500"  width,  0.125"  depth,  and  2.5" 
length.  Five  samples  were  molded  by  Manufacturing  Technology  and 
tested  by  Department  27,  Quality  Assurance  Group. 

Table  3-4  gives  the  sample  data  and  test  results. 
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Appended  below  is  the  mathematics  deriving  the  required  standard 
deviation  and  the  flexural  modulus  value  for  sample  number  1. 


where, 

S  =  L3P  and  I  =  _Bd3 
48 IE  12 


4  bd3 

P/S  =  Slope  at  tangent  to  load  deflection  curve. 

x  =  (x1+x2+x3  •••  xn)/n 


A/X 

Std.  Dev.  =  ^ - 

using  the  data  for  sample  1, 


E  ■  .(2inJ)  X1500.  Win)  ,  ,  ,3  x  1Q6  ps( 
4  (0.489")  X  (0. 122)J 


and  for  the  total  sampling, 

X  =  1.17  x  106  psi 


Std.  Dev.  =/(l .13  x  106)2+( 1 .19  x  106)2 


-  5(1.17  x  106)2 


=  3.35  x  10  psi 


Figure  3-8  specimen  A  shows  a  flexural  modulus  sample  after 
testing. 

3.4  Thermal  Properties  of  Valox  420  SEP 

To  verify  the  vendor's  (General  Electric)  thermal  properties 
two  pieces  of  test  equipment  were  designed  and  built.  These  were 
(a)  a  thermal  chamber  to  determine  the  thermal  conductivity  of  the 
Valox  420  SEO  plastic  and  (b)  a  controlled  temperature  water  chamber 
containing  the  specimen  to  verify  the  thermal  expansion  of  Valox 
420  SEO. 
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3.4.1  Thermal  Chamber  and  Heat  Source 

3 

An  insulated  chamber  was  fabricated  from  2  Ib/ft  polyurethane 
foam  molded  with  a  cylindrical  hollow  core  to  accept  the  aluminum 
heat  sources.  Thickness  of  foam  insulation  including  the  cover  was 
approximately  3". 

The  aluminum  heat  reservoir  was  a  solid  aluminum  cylinder  4.25" 
in  diameter  and  18"  long  of  6061  alloy.  The  mass  of  this  cylinder 
was  19.31  lbs  or  8.76  Kg.  Figure  3-9  shows  the  heat  source  and 
insulation.  The  mating  surface  at  the  end  of  the  cylinder  to  which 
the  plastic  test  sample  was  attached  was  machined  flat  and  polished 
to  a  6  f*  inch  RMS  finish. 

The  plastic  sample  was  attached  by  four  screws  around  the 
periphery  of  the  aluminum  cylinder.  Sample  thickness  was  0.184" 
with  a  diameter  of  4.25".  The  thermocouple  monitoring  the  outer 
face  of  the  plastic  sample  is  retained  by  flexible  low  density 
foam  of  low  thermal  conductivity,  while  the  heat  reservoir  thermo¬ 
couple  is  retained  by  a  small  hole  drilled  into  the  aluminum  heat 
source  surface.  Figure  3-10  depicts  this  assembly.  The  heat 
reservoir  is  subjected  to  an  oven  temperature  for  8  hours  before 
being  placed  in  the  thermal  chamber.  No  temperature  drop  of  this 
heat  reservoir  has  been  observed  over  a  period  of  two  hours. 

Duration  of  the  thermal  conductivity  test  will  be  no  greater  than 
ten  minutes. 

3 . 4 . 1 . 1  Thermal  Conductivity  of  Valox  420  SEP 

An  injection  molded  circular  plastic  sample  of  Valox  420  SE0, 
4.25"  in  diameter  and  0.184"  in  thickness,  was  mounted  to  the  end 
of  a  solid  aluminum  cylinder  4.25"  in  diameter  and  18"  in  length 
by  four  screws,  the  aluminum  cylinder  acting  as  the  heat  source 
and  being  encased  in  an  insulated  chamber  of  molded  2  lb/ft3 
polyurethane  foam. 

Two  thermocouples  were  attached  to  the  assembly,  one  thermocoupl 
monitoring  the  aluminum  heat  source  and  being  read  by  a  precise 
digital  thermometer,  and  the  other  monitoring  the  outer  surface  of 
the  plastic  sample  and  being  read  on  an  X-Y  recorder.  Figure 
3-11  shows  the  test  equipment  used.  Results  were  as  follows; 
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Q  =  MC*t  =  0.148  x  0.55  x  82 
A  0  0.117 

and  K  =  <3X  =  56.77  x  0.184  = 

0.098 

where  Q  =  BTU/hr 

/'f=  mass/lbs  of  sample  specimen  =  0.148  lbs 

C  =  specific  heat  of  Valox  420  SEO  =  0.55 

=  temperature  difference  between  sample  conducting  surfaces 
(i.e.  t1  -t2)°F 

aO  =  Time  to  reach  temperature  difference  -  Hours  =  0.117  Hrs. 

X  =  sample  thickness  -  inches  =  0.184" 

>4=  area  of  sample  part  -  feet2  =  0.098  Ft2 

Vendor  data  sheet  specifies  the  thermal  conductivity  of  Valox  420  SEO 
as  1.3  BTU/hr/ft2/F6/in. 

3. 4. 1.2  Thermal  Expansion  Apparatus 

The  coefficient  of  thermal  expansion  of  Valox  420  SEO  was 
measured  in  the  range  from  -40°F  to  160°F  using  a  liquid  cooled 
(alcohol)  and  water  heated  jacketed  sample  fixture. 

The  apparatus  consisted  of  a  temperature  controlled  heating  or 
cooling  source,  a  variable  speed  pump  and  a  jacketed  sample  fixture. 
The  fixture  consisted  of  a  1.6"  diameter  (ID)  aluminum  tube,  5" 
long  with  an  input  and  output  fluid  port  at  each  end  of  the  tube. 

The  sample  dimensions  were  5.5"  x  0.30"  x  0.44"  with  the  sample 
protruding  from  each  end  of  the  tube  in  such  a  manner  as  to  be 
restrained  externally  at  one  end  and  the  expansion  of  the  sample 
measured  at  the  other  end  with  a  precision  dial  indicator.  The 
tube  ends  were  sealed  with  silicon  rubber  which  does  not  inhibit  the 
expansion  of  the  Valox  test  sample.  The  temperature  control -assembly 
was  mounted  in  a  foam  insulated  box  to  reduce  convective  heat  losses. 
Figure  3-12  shows  the  test  apparatus  in  the  cooling  mode. 


□o.//  diu  i/rir 


1.3  BTU/hr/ft2/F°/i(i 
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3 . 4 . 1 . 2 . 1  Thermal  Expansion  of  Valox  420  SEP 

The  starting  temperature  for  the  reference  measurement  was  76.5°F. 
The  initial  length  of  the  part  was  checked  and  recorded  at  5.628". 

The  part  was  then  held  secure <on' one  end  by  an  anchor  plate  and  a  Brown 
and  Sharp  dial  indicator  was  set  to  0.0000"  on  the  other  end.  Hot  water 
was  pumped  through  the  chamber  and  maintained  at  30°C  (86.8°F)  for  15 
minutes.  The  dial  indicator  showed  the  expansion  to  be  0.0008". 

From  the  expression  =  ,  the  experimental  coefficient  of 

thermal  expansion  is  calculated. 

Where  A  L  =  total  change  in  length 

*4=  coefficient  of  linear  expansion 
L-=  starting  length 
A f  =  temperature  change 

Using  the  experimental  data, 

*  =  _ 8  x  10~4 _ 

5.628"  x  (86.8°F-76.5°F) 

=  1 .38  x  10'5  in/in/°F. 

Experimental  uncertainty  utilizing  this  apparatus  is  derived 
theoretically  by  taking  the  partial  derivative  of  the  equation  for 
c4-AlAaT-  .  The  partial  of  each  variable  is  interpreted  as 
the  uncertainty  in  the  measured  value  of  that  quantity. 

^  _  /.At<d(AL)  ~  /\L  (L&rM&t)~L  AtJL  ) 

^  -  al  (AfJ  f  d  L  ) 

A  At 

Where , 

=  0.  iF 

cik<-)  =  10"4  in 
t-  =  10"3  in 
At  =  10. 3°  F 
At  =  o.8  x  10‘3  in 
L  =  5.628  in 
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Evaluating,  the  experimental  uncertainty  of  the  values  ofc*>is 
no  better  than  3.3  x  10"?  in/in/°F.  Therefore,  is  1.38  +  10“b 
in/in/°F  for  the  temperature  range  of  22°C  to  30°C. 

A  similar  experiment  using  an  alcohol  bath  for  the  temperature 
range  of  -30°C  to  22°C  derived  an  experimental  value  forr>C  of 
1.35  +  0.15  x  10’5  in/in/°F. 

The  vendor's  specified  value  for  c<  in  the  flow  direction  is 

1.4  x  10"5  in/in/°F.  All  values  determined  by  this  test  apparatus 
agree  closely  with  the  vendor  values. 

3.5  Electroless  Copper  Plating  of  Valox  420  SEP 

Excellent  progress  was  made  in  the  areas  of  vapor  honing,  plating 
process  development,  and  copper  adhesion  during  the  first  quarter 
of  this  program.  Figure  3-13  shows  the  injection  molding  machine 
from  which  the  plating  samples  were  injection  molded. 

3.5.1  Vapor  Honing 

The  vapor  honing  equipment  consists  of  a  venturi  feed  air  spray 
gun  with  a  ceramic  nozzle,  an  aluminum  spray  booth  and  a  three 
gallon  reservoir  with  a  variable  speed  rotary  mixer.  The  apparatus 
is  depicted  in  Figure  3-14. 

The  most  efficient  concentration  of  vapor  honing  grit  contained 
in  the  slurry  was  determined  to  be  twenty  percent  by  weight.  Grit 
sizes  of  #325,  #325/150  blend,  and  #220  were  utilized  to  determine 
which  yields  the  greatest  adhesion  values. 

3.5.2  Plating  Apparatus 

A  Masterflex  tube  pump  and  variable  speed  controller  is  being 
used  to  circulate  the  plating  solution  through  a  double  walled 
nylon  filter  bag  packed  with  glass  wool.  The  tube  pump  and  plating 
set-up  are  shown  in  Figures  3-15  and  3-16  respectively. 

The  tube  pump  is  unique  because  Shipley's  CP-70  electroless 
copper  will  deposit  copper  on  the  internal  parts  of  conventional 
filtration  systems,  rendering  them  useless.  The  plating  solution 
never  comes  into  contact  with  the  tube  pump  as  the  solution  is 
self-contained  in  high  temperature  Tygon  tubing.  Tygon  is  also 
resistant  to  strong  acids  and  alkalis.  The  variable  speed  pump 
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is  capable  of  pumping  from  one  to  fifty  gallons  per  hour. 

3.5.3  Plating  Conditions  for  Valox 

The  plating  bath  is  air  agitated  as  well  as  being  circulated 
with  the  filtration  pump.  Air  agitation  prevents  hydrogen  gas 
bubbles,  generated  by  the  reduction  of  copper,  from  adhering  to 
the  surface  of  the  part  and  causing  voids  in  the  plating  to  develop. 

Two  vendor  supplied  palladium  catalysts  were  experimented  with 
to  activate  the  Valox  substrate  prior  to  metallization.  The 
catalysts  contain  colloidal  palladium.  The  difference  between  the 
two  is  in  the  size  of  the  colloid.  A  smaller  colloid  provides 
more  nucleation  sites  for  the  copper,  and  thus  greater  adhesion  and 
a  more  uniform  coverage. 

The  finer  colloid  is  also  operated  hot,  110°F,  providing  a 
greater  mobility  of  the  palladium  and  a  more  even  coverage.  The  large 
colloid  is  run  at  room  temperature  and  frequently  decomposes  due  to 
the  reluctance  of  the  larger  particles  to  remain  in  suspension.  The 
small  colloid,  Shipley's  Cataposit  44,  has  also  increased  the  copper 
adhesion  to  the  Valox  substrate. 

3.5.4  Copper  Adhesion 

Copper  adhesion  is  determined  quantitatively  by  measuring  the 
pounds  of  force  required  to  peel  the  copper  off  the  Valox  substrate. 
Peel  tests  were  accomplished  in  the  following  manner:  First  tensile 
bar  test  specimens  were  injection  molded  and  vapor  honed  thoroughly. 
After  1-2  mils  of  Shipley  CP-70  heavy  build  electroless  copper  were 
deposited  on  the  samples,  the  specimens  had  four  1/8  inch  peel  test 
patterns  photoengraved  on  tht  copper  surface.  After  etching  the 
peel  test  patterns  were  pulled  by  the  Instron  Universal  Testing 
Machine  Model  No.  TTD.  Multiplying  the  machine  reading  by  eight 
yielded  a  value  with  dimensions  of  pounds  pull  per  inch  width. 

Though  vapor  honing  is  critical  for  good  copper  adhesion,  it 
alone  did  not  prepare  the  surface  adequately;  an  average  value  of 
0.80  lbs  per  inch  width  of  copper  adhesion  was  obtained  for  a 
specimen  treated  solely  by  vapor  honing.  Chemical  etchants  were 
needed  to  further  increase  copper  adhesion. 

Two  types  of  etchants  were  desirable:  One  to  degrade  the 
polyester  and  another  to  attack  the  glass  fibers  imbedded  in  the 
polyester  resin.  Polyester  is  attacked  by  strong  acids  and  strong 
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alkalis  and  tests  were  developed  to  determine  which  reagent  yielded 
superior  attack  results. 

The  first  test  run  was  to  obtain  the  percentage  weight  loss  of 
the  tensile  bar.  If  a  reagent  was  effectively  attacking  the  polyester, 
a  decrease  in  the  total  weight  of  the  specimen  would  be  observed. 
Magnetically  stirred,  four  liter  baths  of  20%  (by  weight)  NaOH,  50% 

(by  volume)  HNO^,  and  20%  H^PO^  -  10%  H^SO^  in  saturated  H^CrO^  were 

prepared.  After  subjecting  samples  to  various  times  in  the  baths,  only 
specimens  treated  in  NaOH  showed  no  appreciable  weight  loss.  The 
samples  subjected  to  the  H^PO^-H^SO^-H^CrO^  bath  could  not  be  entirely 

activated  by  the  palladium  catalyst  due  to  a  powdery  film.  This  film 
could  not  be  removed  by  ultrasonic  cleaning,  lengthy  rinsing  cycles, 
or  chemical  treatment.  Mechanical  removal  of  this  film  would  not  be 
feasible  on  the  comb  filter,  so  50%  HN(L  was  chosen  to  etch  the 
polyester. 

Ammonium  bifluoride  (NH^F-HF)  and  hydrofluoric  acid  (HF)  were  the 

two  reagents  considered  as  the  etchants  for  the  glass  fibers.  A  10% 

(by  volume)  solution  of  HF  was  chosen  because  of  its  much  faster 
reaction  rate  in  attacking  the  glass. 

The  next  task  was  to  determine  the  length  of  time  in  each  etchant 
a  part  should  be  exposed.  A  test  was  set-up  comparing  time  in 
etching  baths  versus  peel  strength.  Samples  were  subjected  to  various 
times  in  the  50%  HNO 3  and  10%  HF  baths,  after  spending  ten  minutes  in 
the  cleaner/conditioner  and  then  plated.  This  data  is  summarized 
on  Figure  3-17.  The  time  where  a  maximum  occurred  is  where  the  most 
effective  etching  took  place. 

The  maximums  occurred  at  five  minutes  in  the  HNCL  bath  and  between 
five  and  ten  minutes  in  the  HF  bath. 

Additional  etch  time  versus  peel  strength  tests  were  run 
combining  the  HNO^  and  HF  etchants.  A  five  minute  etch  in  the  HNO^ 

bath  was  held  constant  for  all  tests  because  of  the  discrete  maximum 
obtained  at  five  minutes  on  Figure  3-17.  Etch  time  in  HF  was  varied 
from  five  to  sixty  minutes,  the  samples  were  then  plated  and  pulled. 
These  results  are  summarized  on  Figure  3-18.  A  maximum  was  observed 
between  five  and  ten  minutes,  coinciding  with  the  maximum  on 
Figure  3-17  where  HF  was  the  sole  etchant.  From  this  it  was 
concluded  that  etches  of  five  minutes  in  HNO3  and  seven  and  one 
half  minutes  in  HF  are  the  most  effective  etches  for  Valox  before 
plating,  yielding  up  to  three  pounds  per  inch  peel  strength. 
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This  conclusion  was  reinforced  by  peel  strength  versus  percent 
weight  loss  tests  shown  on  Figure  3-19.  The  weight  losses  were 
recorded  for  all  combined  HNO3  and  HF  etches,  and  then  plotted  against 
their  respective  peel  strengths.  The  range  of  most  efficient  percent 
weight  losses  occurred  between  0.15%  and  0.35%.  The  weight  loss  for 
a  5  minute  HNO3/IO  minute  HF  etch  was  0.24%,  which  fell  near  the 
middle  of  the  maximum  range. 

3.5.4. 1  Plating  Adhesion  of  Test  Coupons 

Figure  3-20  depicts  the  sequence  of  operations  in  preparing  a 
test  coupon  for  peel  testing,  they  are: 

A.  Injection  Molded  Test  Coupon. 

B.  Plated  Test  Coupon. 

C.  Photoengraved  Test  Coupon. 

D.  Etched  Test  Coupon. 

The  etched  test  coupon  was  then  set  up  on  the  Instron  Universal 
Testing  Machine  as  shown  in  Figure  3-21.  The  crosshead  speed  of  the 
Instron  was  set  at  2  inches  per  minute  as  called  out  in  Mil -Std-P- 
55617.  Figure  3-22  shows  the  peel  test  being  performed  on  one  of 
the  Valox/copper  test  coupons.  The  average  peel  strength  for  three 
test  coupons  was  2.9  pounds  per  inch  width.  These  adhesion  values 
meet  the  requirements  of  the  Test  Plan  Section  II-C-1  and  the  test 
results  are  documented  in  Quality  Assurance  Report  225952.  See 
Appendix  C. 

3.5.5  Copper  Thickness  and  Uniformity 

Six  test  specimens  were  plated  for  microsectioning  and  analysis 
by  the  Quality  Assurance  Group,  Dept.  27.  The  uniformity  of  plating 
was  verified  by  measuring  the  thickness  of  copper  at  the  top,  middle, 
and  bottom  of  the  coupon.  Figure  3-23  shows  a  typical  microsection 
of  a  plated  test  coupon.  The  six  coupons  met  the  requirements  of 
Test  Plan  Sections  II-C-2,  and  II-C-3  which  state  that  the  copper 
thickness  including  gold  flash  shall  be  0.0008"  +  0.0002"  and  shall  not 
vary  above  or  below  the  dimension  and  tolerance  at  any  given  point  on 
the  test  coupon.  The  results  are  tabulated  in  Quality  Assurance 
Report  R  225978.  See  Appendix  C. 

3.5.6  Surface  Finish  of  Test  Coupons 

Six  additional  test  specimens  were  plated  for  surface  finish 
measurements  to  be  recorded  by  the  Quality  Assurance  Group.  The 
plated  test  coupons  were  inspected  on  a  Taylor  Hobson  Talysurf  10 
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Profilometer.  Surface  finish  on  all  the  plated  test  coupons  met 
the  6^/as  called  out  in  the  Test  Plan  Section  II-C-4.  The  test 
results  are  contained  in  Appendix  C  and  Table  3-8. 

3.5.7  Plating  Integrity  After  Thermal  Shock 

A  CO2  bottle  was  connected  to  a  calibrated  thermal  chamber,  the 
chamber  containing  an  automatic  sensor  and  solenoid  control  to 
maintain  the  low  temperature  extreme  required  (-40°F).  The  chamber 
was  also  equipped  with  high  temperature  controls  when  manually  set 
to  the  temperature  desired  (+160°F).  Attached  to  the  chamber  with 
an  iron/constantan  thermocouple  was  a  precision  digital  thermometer 
(+  2<>F,  -  60°F  to  500°F). 

Temperature  cycling  was  recorded  on  a  calibrated  thermal  graph 
recorder  also  attached  to  the  chamber.  Testing  involved  temperature 
cycling  the  six  electroless  copper  plated  Valox  samples  from  -40°F 
to  +160°F  for  ten  cycles  using  the  time  durations  called  out  in 
Mil-Std  202D ,  Table  107-1. 

-40°F  for  30  minutes 

Room  Temp  for  5  minutes  max.  V  1  Cycle 

+160°F  for  30  minutes  J 

Time  to  cycle  between  -40°F  and  +160°F  was  less  than  5  minutes 
and  conversely  the  time  duration  to  cycle  between  +160°F  to  -40°F  was 
less  than  5  minutes.  Figure  3-24  shows  the  samples  in  the  thermal 
chamber  and  Figure  3-25  the  entire  test  set-up. 


The  six  test  coupons  were  examined  by  the  Quality  Assurance  Group 
Dept.  27  for  delamination  and  blistering,  as  per  Test  Plan  Section 
II-D-1.  No  delamination  or  blistering  occurred  from  the  harsh  thermal 
cycling.  The  test  results  are  documented  in  Quality  Assurance 
Report  R272259.  See  Appendix  D. 

3.5.8  Plating  Process  Development 

With  the  proper  etchants  and  times  of  immersion  in  each  bath  now 
obtained,  a  total  metallizing  procedure  for  Valox  has  been  finalized. 
The  procedure  is  outlined  in  Table  3-5. 

3.6  Injection  Molding  Development 
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3.6.1  Prototype  Mold 

Using  an  existing  S 1 3  prototype  mold,  which  had  been  used  in 
prior  years  to  demonstrate  the  feasibility  of  injection  molding 
this  complex  electrical  filter,  Advanced  Manufacturing  Technology 
examined  solutions  to  problems  encountered  previously.  The  areas  of 
endeavor  were,  1)  the  elimination  of  warpage  and  2)  an  examination 
of  the  thermal  cycle  effects  on  plastic  shrinkage.  The  data  gained 
from  these  experiments  was  then  used  in  the  production  mold  design. 

3. 6. 1.1  Warpage 

The  warpage,  caused  by  unequal  shrinkage  of  the  Valox  filters, 
was  due  to  the  anisotropic  characteristics  of  the  glass  filled 
plastic.  The  gating  of  the  prototype  mold  was  altered  to  demonstrate 
the  warpage  reduction  through  proper  gate  location.  The  prototype 
waveguide  cavity  mold,  shown  in  Figure  3-26,  was  altered  with  a 
second  gate,  such  that  the  plastic  flow  along  the  B  plane  was  balanced 
horizontally.  Molded  parts  exhibited  0.000"  warpage  longitudinally 
in  the  B  plane  and  0.010"  longitudinal ly  in  the  A  plane  due  to  the 
vertical  flow  imbalance.  From  this  data  it  was  decided  to  gate  the 
production  mold  cavity  with  two  gates  at  the  edge  thereby  balancing 
plastic  flow  in  all  planes.  This  gate  style  and  others  are  illustrated 
in  Figure  3-27. 

3 . 6 . 1 . 2  Shrinkage  at  Elevated  Temperatures 

Design  requirements  for  the  S13  filter  included  the  ability  of 
the  part  to  withstand  a  non-operating  temperature  range  from 
-40°F  to  +160°F  with  no  degradation  of  the  electrical  requirements 
as  called  out  in  section  11-1-1,2  of  the  Test  Plan.  For  this 
reason  the  prototype  mold  was  used  to  evaluate  the  creep  or  long 
term  shrinkage  at  elevated  temperatures.  Molded  samples  were  held 
at  room  temperature  for  one  month,  six  hours  at  110°F  to  simulate 
plating,  and  40  hours  at  160°F  to  simulate  a  non-operating  storage 
temperature.  Measurements  conducted  during  and  in  between  these  steps 
showed  no  creepage  at  room  temperature.  The  plating  creepage  was 
0.002  in. /in.  in  the  cross-flow  direction  and  0.0002  in. /in.  in  the 
flow  direction.  The  resulting  160°F  creepage  was  0.004  in. /in.  in 
the  cross-flow  direction  and  0.0000  in. /in.  in  the  flow  direction. 
However  all  160°F  creep  occurred  in  the  first  16  hours  with  no 
measurable  change  in  the  last  24  hours.  The  creep  differentials 
were  largely  due  to  glass  fiber  orientation  within  the  plastic 
which  occur  with  plastic  flow  into  the  mold  cavity. 
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3. 6. 1.3  One  Piece  Post  Cavity  Mold 

The  feasibility  of  a  one  piece  post  cavity  was  demonstrated 
in  an  effort  to  eliminate  the  tuning  post  flash  and  the  resulting 
poor  physical  tolerances,  both  caused  by  the  spreading  of  the  two 
piece  post  cavity  mold.  Here  a  "Valox"  ejector  was  used  to  eject 
the  molded  part  out  of  the  mold  shown  in  Figure  3-28.  Previously  the 
two  cavity  halves  were  unbolted  and  separated  allowing  part  removal. 
Because  of  this  successful  demonstration  the  production  post  cavity 
was  designed  as  a  single  unit  with  0°  post  taper. 

3.6.2  SI 3  Production  Mold  Design  -  Initial  Phase 

The  production  molds,  although  similar  to  the  prototype  molds 
in  their  basic  design,  incorporated  closer  tolerances  and  were  far 
more  durable  to  help  withstand  the  "Valox"  glass  abrasive  qualities 
under  high  injection  mold  pressures.  Other  mold  differences 
included:  molded  in  end-caps,  edge  gating  for  better  flow 
characteristics,  and  as  stated  before  a  one  piece  post  cavity. 

Filter  production  in  an  on-going  Ship/Gun  Program  production  was 
intended  to  be  the  end  use  of  the  new  molds  and  for  this  reason 
a  Martensitic  440C  stainless  steel  was  chosen  as  the  mold  material. 
440C  combines  a  high  abrasion  resistance,  resistance  to  corrosion, 
medium  machinabil ity,  and  medium  resistance  to  softening.  It  was 
hardened  to  a  Rockwell  C  of  56  and  polished  to  a  10/finish. 
Coefficient  of  thermal  expansion  of  this  stainless  steel 
is  5.6  x  10_°  in. /in.  °F. 

Because  of  the  stringent  tolerances  in  the  S13  filter  reflected 
by  Section  II-F  of  the  Test  Plan,  the  molds  were  designed  in  two 
phases.  In  the  initial  phase  the  molds  were  partially  completed  and 
parts  were  molded  to  precisely  determine  the  mold  shrinkages.  Then 
in  the  final  design  phase  the  molds  were  completed  and  final 
grinding  operations  could  reflect  the  exact  shrinkage  which  would 
produce  the  precise  plastic  dimensions  required. 

The  waveguide  cavity  mold  is  shown  in  its  initial  phase  in 
Figure  3-29.  Initial  shrinkage  allowances,  taken  from  the  General 
Electric  "Valox"  Injection  Molding  Guide,  were  maximized  on  all  cores 
and  minimized  on  all  cavities  to  allow  grinding  to  the  dimensions 
required.  Figures  3-30,  31,  and  32  illustrate  these  problems  to 
be  considered  in  injection  molding  this  filter.  The  mold  shrinkage 
allowances  are  depicted  in  Table  3-5.  The  precise  shrinkage 
allowances  used  in  the  final  phase  of  the  mold  are  discussed 
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in  Section  3-6-3  of  this  report. 

The  mold  gating  as  previously  discussed  was  accomplished 
through  two  edge  gates.  These  gates  were  0.060"  deep  with  a 
0.020"  wide  gate  land  to  minimize  premature  plastic  freezing. 

These  gates  were  fed  by  two  0.375"  diameter  runners  each 
terminated  with  a  cold  well.  The  gate  design  drawing  is  shown 
in  Appendix  N  in  Figure  N-l.  The  waveguide  cap  mold  is  shown 
in  its  initial  phase  in  Figure  3-33.  Here  the  shrinkages  were 
maximized  and  minimized  as  done  in  the  waveguide  cavity  with 
the  exception  of  the  tuning  posts.  Shrinkage  values  for  post 
separations  were  the  mean  listed  value,  0.006  in. /in.,  and  post 
diameters  were  0.020"  undersized  to  allow  movement  of  the  posts  as 
well  as  grinding  of  the  final  diameters.  The  shrinkage  values 
used  in  the  mold  are  delineated  in  Table  3-5. 

The  waveguide  cap  mold,  like  the  waveguide  cavity  mold,  was 
designed  with  an  edge  gate.  This  configuration  was  chosen  to 
produce  filters  which  reflected  a  dimensional  compatibility 
with  the  waveguide  mold.  The  single  edge  gate  was  0.100"  deep, 
had  a  0.020"  wide  gate  land,  and  was  fed  by  a  0.375"  wide  trapezoidal 
runner.  The  gate  design  is  depicted  in  the  drawing  in  Appendix  N 
Figure  N-2. 

The  input-output  connector  inserts  around  the  connector  holes 
were  omitted  in  the  initial  mold  configuration  to  determine  the 
degree  of  movement  which  would  have  to  be  adjusted  for  in  the 
final  configuration. 

The  mold  design  was  sent  to  several  mold  vendors  for  bidding, 
and  Amerace/Caco-Pacif ic  was  chosen  to  produce  the  molds. 

3.6.3  SI 3  Mold  Design  -  Final  Phase 

Upon  delivery  of  the  S13  production  molds  from  the  vendor 
to  Advanced  Manufacturing  Technology  the  injection  molding 
parameters  were  optimized  for  the  lowest  warpage  and  best 
surface  finish.  These  molding  parameters  are  depicted  in 
Table  3-6. 

A  sample  lot  of  12  filter  caps  and  12  waveguide  cavities  was 
injection  molded  from  each  mold.  The  physical  measurements  obtained 
from  these  parts,  along  with  the  mold  measurements,  were  used  to 
establish  the  molding  tolerances  and  the  precise  mold  shrinkages. 
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The  three  standard  deviation  molding  tolerances  were  well 
within  the  Test  Plan  tolerances  called  out  in  Section  II-F,  thereby 
demonstrating  the  repeatability  of  the  process.  Mold  shrinkages 
were  computed  using  the  existing  mold  dimensions,  the  mean  part 
dimensions,  and  the  equation, 


c2  ^  c  D  mold 
s  +  s  "  D“pln 


-  l 


and  S  =  /  D  mold  „ 
J  D  part  '  U 

where,  S  =  Shrinkage 

D  =  Mean  Dimension 


After  computing  the  shrinkages  for  each  critical  part  dimension 
the  final  mold  dimensions  were  derived  with, 

D  mold  =  (S2  +  S  +  1)  D  part 
(final)  (final) 

With  the  completion  of  the  final  waveguide  cavity  and  cap  mold 
dimensions  several  other  changes  were  made.  Because  of  extremely 
close  mold  mating  tolerances  tapered  venting  was  added  to  all  mold 
extremities  to  reduce  air  entrapment  and  burning.  The  connector 
inserts,  previously  omitted  to  allow  connector  hole  movement,  were 
now  added.  The  molded  in  waveguide  end  caps  were  removed  from  the 
mold  to  optimize  plating  solution  flow  in  the  molded  waveguide 
cavity  and  to  allow  the  use  of  a  thermal  stabilization  fixture. 
Lastly  three  tapered  alignment  pins  and  sleeves  were  added  to  both 
molds  to  maintain  cap-waveguide  alignment  during  assembly.  The 
completed  molds  are  depicted  in  Figures  3-34  and  3-35. 

A  waveguide  end  cap  mold  shown  in  Figure  3-36  and  in  Appendix  N 
Figure  N-3  was  designed  and  built  to  provide  end  caps,  which  are 
attached  to  the  filter  assembly  with  four  screws.  Upon  their  com¬ 
pletion  the  waveguide  cavity  and  cap  molds  were  inspected  by  the 
Quality  Assurance  Group,  Dept.  27,  and  were  within  the  tolerances 
delineated  on  the  drawings  in  Figures  N-l  and  N-2  in  Appendix  N. 

This  certificate  of  compliance  is  included  in  Appendix  E  and 
satisfies  the  requirements  of  section  II-F  of  the  Test  Plan. 
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3.6.4  Post  Molding  Processes 

To  overcome  the  elevated  temperature  plastic  creep  which  was 
discussed  in  Section  3.6.1  of  this  report,  all  molded  filter  parts 
were  subjected  to  a  20  hour  160°F  thermal  stabilization.  During  this 
stabilization,  a  fixture,  depicted  in  Figure  N-4,  Appendix  N,  was 
inserted  into  the  waveguide  cavity  to  reduce  the  stresses  which 
bend  the  cavity  walls  inward. 

All  threaded  holes  and  countersinks  ideally  could  be  molded  into 
the  filter  assembly.  However,  because  of  design  restrictions  and 
plastic  susceptibility  to  warpage,  post  molding  operations  were 
necessary.  The  thirteen  threaded  tuning  screw  holes  could  not  be 
molded  because  of  the  fine  64  threads  per  inch.  Good  design  practice 
limits  'Valox'  molded  threads  to  28  threads  per  inch.  To  decrease 
the  labor  involved  and  to  increase  dimensional  accuracy  a  drill 
fixture  was  built.  The  fixture,  depicted  in  Figure  N-5,  fits  into 
the  waveguide  cavity  and  aligns  itself  with  the  three  sleeves  in 
the  cavity  wall.  This  allows  the  tuning  screw  positions  to  be 
within  0.002"  after  drilling  and  tapping. 

The  0.086-56  end  cap  holes  were  not  molded  because  of  their 
fineness,  nor  were  inserts  molded  in  as  they  would  interfere  with 
the  mold  gating.  As  a  result  the  eight  holes  were  drilled  with  a 
template  and  then  tapped.  The  input  and  output  posts,  which  are 
molded  into  the  waveguide,  are  tapped  in  the  center  to  allow  insertion 
of  the  connector  pins.  To  accomplish  this,  a  drill  fixture  was 
designed  to  slip  into  the  cavity  and  over  the  post,  the  drill  would 
then  be  guided  by  the  upper  portion  of  the  fixture  now  centered  over 
the  post.  This  fixture  is  illustrated  in  Figure  N-6.  After  drilling, 
the  holes  are  tapped  with  a  1.2-102  metric  thread. 

With  the  completion  of  all  molding  development  portions  of 
this  program  twenty  S13  filters  were  molded  and  used  in  testing  to 
satisfy  the  requirements  of  the  Test  Plan  Sections  II-F,G,H,  and  I. 

3.7  Copper  and  Gold  Plating  of  Injection  Molded  Filters 

3.7.1  Copper  Thickness  and  Uniformity 

Five  waveguide  cavities  and  caps  were  electroless  copper  plated 
for  microsectioning  and  analysis  by  the  Quality  Assurance  Group, 

Dept.  27.  The  uniformity  of  plating  was  verified  by  measuring  the 
thickness  of  copper  at  various  positions  on  the  waveguide  cavities 
and  caps.  The  five  filters  met  the  requirements  of  Test  Plan  Section 
II-G-1  which  state  that  the  copper  thickness  including  gold  flash 
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shall  be  0.0008"  +0.0002"  and  shall  not  vary  above  or  below  the 
dimension  and  tolerance  at  any  given  point  on  the  test  coupon.  The 
results  are  tabulated  in  Quality  Assurance  Report  R394859  and 
contained  in  Appendix  C. 

3.7.2  Surface  Finish  of  Plated  Filters 


Five  copper/gold  plated  filters  were  inspected  for  surface 
finish  on  a  Taylor  Hobson  Talysurf  10  Profi lometer.  Surface  finish 
on  the  plated  injection  molded  filter  varied  above  and  below  the 
63  finish  requirement  due  to  the  difficulty  in  controlling  the 
vapor  honing  process  because  of  complex  part  geometry.  All  filters 
tested  for  surface  finish  were  below  10Q(  and  it  was  observed 
during  electrical  test  between  vapor  honea  filters  and  filters  which 
had  not  been  roughened  that  no  deleterious  effects  to  VSWR  and 
insertion  loss  had  occurred.  The  test  results  are  contained  in 
Appendix  G  and  Table  3-9. 

3.7.3  Thermal  Shock-Plated  Injection  Molded  Filters 

Two  thermal  shock  tests  were  run  on  three  waveguide  filters. 

The  first  thermal  shock  test  was  water  immersion.  This  harsh  test 
consisted  of  ten  cycles.  One  complete  cycle  consisted  of  immersing 
a  filter  into  boiling  water  for  ten  seconds  then  removing  the  filter 
and  immersing  it  into  room  temperature  running  water  for  ten  seconds, 
and  repeating  these  operations  continuously  for  ten  cycles.  Figure 
3-37  shows  a  filter  immersed  in  boiling  water  and  Figure  3-38  a  filter 
immersed  in  room  temperature  water.  The  actual  test  was  run  in  the 
Department  24-6  laboratory  utilizing  a  flowing  water  rinse  tank 
instead  of  the  beaker  shown  in  Figure  4-40  which  was  used  for 
photographic  purposes.  The  three  filters  met  the  requirements  of 
Test  Plan  Section  II-H-1  which  states  that  there  shall  be  no 
longitudinal  cracking,  blistering,  or  delamination  of  the  copper 
plating. 

The  second  thermal  shock  test  run  was  cycling  between  the 
temperature  extremes  of  -40°F  and  +  160°F  for  ten  cycles.  The 
procedure  and  apparatus  used  on  the  three  filters  was  identical  to 
that  of  the  plated  test  coupons.  A  complete  description  is 
contained  in  this  report.  Section  3.5.7.  The  three  plated  injection 
molded  filters  met  the  requirements  of  Test  Plan  Section  II-H-2 
which  states  that  there  shall  be  no  delamination  or  blistering  of 
the  gold/copper  plating  from  the  polyester  substrate.  The  test 
results  are  documented  in  Quality  Assurance  Report  R  394606  and 
contained  in  Appendix  H  of  this  report. 
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3.8  Functional  Testing  of  the  Plated  Injection 
Molded  Filter 


This  portion  of  the  program  as  outlined  in  Section  1 1 -I  of  the 
Test  Plan  was  conducted  by  the  Engineering  Section,  Antennas  and 
Microwave,  Group  223  with  the  results  of  the  testing  contained  in 
Appendix  I. 

3.8.1  Electrical  Testing  of  Injection  Molded  Filters  - 

Operating  Temperature  Range 

Three  filters  were  tested  electrically  on  an  Automatic  Network 
Analyzer  HP  8542  and  met  the  requirements  as  delineated  in  the 
Test  Plan  where  an  operating  temperature  range  from  40°F  to  150°F 
had  to  be  passed  successfully  over  the  pass  band  and  the  stop  band 
requirements  had  to  be  met  over  this  temperature  range. 

Average  insertion  loss  over  the  pass  band  which  had  been  reduced 
from  Fc  +125  MHz  to  Fc  +  100  MHz  due  to  the  inability  of  metal 

production  filters  to  meet  this  requirement  over  the  operating 
temperature  range  at  40°F,  70°F,  and  150°F  was  1.0  db,  0.99  db  and 
1.32  db  respectively.  Average  VSWR  readings  over  the  temperature 
range  noted  was  1:35:1;  1:31:1;  and  1:39:1  respectively.  Stop  band 
attenuation  was  read  at  60:29;  58:24;  and  57:39  respectively. 

These  results  were  well  above  the  requirements  specified  in  the 

Test  Plan,  Section  II-I-l  where  insertion  loss  within  the  pass  band 

is  given  as  2  db  maximum;  VSWR  1-8:1  maximum;  and  the  stop  band 

attenuation  at  F  +  220  MHz  is  to  be  no  less  than  45  db  minimum, 
c  — 

Table  3-10  depicts  these  results  for  one  filter,  GF11. 

3.8.2  Non  Operating  Temperature  Cycling  of  Injection 

Molded  Filters 

Ten  cycles  from  -40°F  to  160°F  was  imposed  on  three  filters  as 
specified  in  II-H-2  and  II-I-2(a)  to  conform  to  the  Test  Plan  for 
the  non  operating  condition  of  the  filters.  A  complete  description 
is  contained  in  Section  3.5.7  where  excellent  results  were  achieved. 

Appendix  I  depicts  in  detail  the  remainder  of  the  functional 
testing  by  Group  223  on  Shock,  Vibration  (Random  and  Sinusoidal) 
and  Humidity.  All  filters  completed  the  tests  successfully. 
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TABLE  3-1 

THERMAL  AND  MECHANICAL  PROPERTIES 


OF  VARIOUS  PLASTICS 


Elastic  Modulus 
In  Flexure  10b  psi 


3.4 


8.0 


11.0 


TABLE  3-2 


INJECTION  MOLDED  COUPONS 

Tensile  Strength 


Sample 

W  (in.) 

D  (in. ) 

A  (in.^) 

Force  (lbs) 

Stress  (psi) 

0 

0.129 

0.121 

0.0156 

275 

1.76  x  104 

1 

0.129 

0.121 

0.0156 

270 

1.71  x  104 

2 

0.130 

0.122 

0.0158 

290 

1.82  x  104 

3 

0.130 

0.120 

0.0156 

270 

1.74  x  104 

4 

0.129 

0.120 

0.0155 

- 

No  Test 

5 

0.131 

0.121 

0.0159 

- 

No  Test 

6 

0.131 

0.121 

0.0159 

290 

1.82  x  104 

Test  Acceptance 

Level 

1.6  x  104 
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TABLE  3-5 


METALLIZATION  SEQUENCE  FOR  VALOX  420  5E0 


Step  No. 

Operation 

Time 

1 

Vapor  hone  thoroughly 

- 

2 

Ultrasonic  cleaning  (D.  I.  water) 

5  Mir 

3 

MacDermid  9076  conditioner  0150°F 

10  Mir 

4 

Rinse  (D.I.  Preferred) 

2  Mir 

5 

50%  HN03  @R/T 

5  Mil 

6 

Rinse  (D.I.  Preferred) 

2  Mil 

7 

10%  HF  @R/T 

7.5  Mil 

8 

Rinse  (D.I.  Preferred) 

2  Mil 

9 

20%  NaOH  @R/T  (Neutralizes) 

2  Mil 

10 

Ultrasonic  cleaning  (D.I.  water) 

5  Mil 

11 

MacDermid  9076  conditioner  @150°F 

10  Mil 

12 

Rinse  (D.I.  only) 

2  Mil 

13 

Cataprep  505  @R/T 

5  Mil 

14 

Cataposit  44  @110°F 

5  Mil 

15 

Rinse  (D.I.  only) 

2  Mil 

16 

Shipley  Accelerator  19  @R/T 

5  Mi' 

17 

Rinse  (D.I.  only) 

1  Mi 

18 

Shipley  CP-70  Electroless  Copper 

- 

0110°  -  1 20°F  until  0.8  mil  thick 

19 

Gold  Flash  (75  millionths  thick) 

- 

31 


TABLE  3-6 

CRITICAL  MOLD  SHRINKAGE  ALLOWANCE 


PART 

DIRECTION 

ALLOWANCE 

FLOW  DIRECTION 

Waveguide 

Length 

+.010  in/in 

Flow 

Cavity 

Waveguide 

Width 

+.020  in/in 

Cross  Flow 

Cavity 

1 

Waveguide 

Depth 

+.020  in/ in 

Cross  Flow 

Cavity 

Cap-beam 

Length 

+.002  in/in 

Flow 

Cap-beam 

Width 

+.002  in/in 

Cross  flow 

Cap-Posts 

Center 

spacing 

+  .006  in/ in 

Flow 

Cap-Posts 

Depth 

+.010  in/in 

Flow 

Cap-Posts 

Diameter 

-.020  All 

Not  Appl . 

TABLE  3-7 
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INJECTION  MOLDING  CONDITIONS  FOR  S13  PLASTIC  FILTER 


Parameter 

Value 

Tolerance 

ii 

Mold  Temperature 

75°F 

+  10°F 

•• 

Nozzle  Temperature 

500°F 

+  5°F 

H 

Barrel -Front  Zone 

490°F 

+  5°F 

Barrel -Rear  Zone 

480°  F 

+  5°F 

n 

Injection  Pressure 

1  ,500  psig 

+  20  psig 

Hold  Pressure 

1 ,100  psig 

+  20  psig 

Back  Pressure 

50  psig 

+  10  psig 

n 

Injection  Time 

2  sec 

+0.5  sec 

ii 

Hold  Time 

30  sec 

+0.5  sec 

n 

ti 

Cycle  Time 

Injection  Speed 

180  sec 

Maximum 

Possible 

+  1  sec 

n 

Screw  Speed 

60  rpm 

+  10  rpm 

Waveguide  Cap 

Shot  Size 

1.25  oz 

+0.1  oz 

Waveguide  Cavity 

II 

2.0  oz 

+  0.1  oz 

TABLE  3-8 

SURFACE  FINISH  OF  PLATED  TEST  COUPONS 


Sample 


Surface  Finish  (RMS) 


Surface  Finish  (RMS) 


TABLE  3-9 


SURFACE  FINISH  OF  PLATED  FILTERS 


Filter  Surface  Finish  (RMS)  Surface  Finish  (RMS) 


Cap 

Cavi' 

1 

52 

64 

2 

80 

60 

3 

87 

53 

4 

42 

66 

5 

71 

93 
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TABLE  3-10 


ELECTRICAL  DATA  OVER  THE  OPERATING  TEMPERATURE  RANGE 
FOR  FILTER  GF-11 


Temperature  (°F) 

Pass  Band 
VSWR  (Ave.) 

Insertion  Loss 
Pass  Band 
dB  (Ave.) 

Stop  Band 
Attenuation 
(Ave. ) 

O 

o 

<3- 

1.35:1 

1.00 

60.29 

o 

o 

1.31:1 

0.99 

58.24 

150° 

1.39:1 

1.32 

57.39 

Specifications 

1.8:1 

Maximum 

2.0 

Maximum 

45.0 

Minimum 

'J 


TABLE  3-11 


COST  OF  THE  FIRST  TEN  S-13  FILTERS  FOR  PHALANX 


Part  #5188423  Metal  Filter 


1.  Outside  Purchase  Costs 


Machining,  end  plates,  cap,  and  body 

$  138.00 

Assemble  and  Aluminum  braze 

$  125.00 

Finishing,  immersion  zinc,  copper 

and  gold  plate 

$  210.00 

Total  O.S.P. 

$  473.00 

2.  Factory  Costs 

2-1  Assembly  Parts 

Inserts  22 

$  7.20 

Screws  30 

$  2.10 

Washers  30 

0.60 

Connector  Assembly  (2) 

$  6.32 

Tuning  Screws 

$  32.50 

Total  Parts  Cost 

$  48.72 

2-2  Labor  Cost  Etc. 

Factory 

$  109.10 

Inspection 

$  21.89 

Overhead 

$  318.65 

Raw  Material 

$  5.06 

$  454.70 

2-3  Tuning  The  S-13  Filter 

Six  hours  average  time 

$  156.00 

Total  Cost  of  S-13  Filter 

$  1,132.42 

TABLE  3-11  (Continued) 

COST  OF  THE  FIRST  TEN  S-13  FILTERS  FOR  PHALANX 


Added  Cost  for  First  10  Filters 

1st  Filter  Cost  $  2,750.00 

11  Change  orders  to  relax  Tolerance 
#5188425  $  1,100.00 

7  Change  orders  on  metal  finishing 

#5188425  $  700.00 


8  Change  orders  to  relax  tol 
#5188424 

Tooling  costs  paid  by  G.D. 
Rejection  rate  on  1st  10  was 
Average  cost  of  first  20  was 
Cost  of  rejected  parts 
Cost 

25420.0q_  =  $2542.00  Added 
Total  cost  for  filter  #10  is 

Average  cost  of  first  ten  fi 


erance 

$ 

800.00 

$ 

650.00 

50% 

$1  ,942.00 

$ 

19420.00 

$ 

25420.00 

cost  by  rejects 

etc. 

.  each 

Present  Cost 

$ 

1,132.42 

Added  Cost 

$ 

2,542.00 

ters 

$ 

3,674.42 

38 


TABLE  3-12 


INJECTION  MOLDED  FILTER  COSTS 


Fabrication  Costs 

Materials 

Valox  500  lb  lots  $2. 68/lb. 

Filter  Cap 

.09  lbs  x  $2. 68/lb  = 

$ 

0.24 

Waveguide  body 

.19  lbs  x  $2. 68/lb  = 

$ 

0.51 

End  Caps  (2) 

.006  lbs  x  $2. 68/lb  = 

$ 

0.01 

Inserts  (22) 

@  35* 

$ 

7.70 

Screws  (30) 

@  7* 

$ 

2.10 

Washers  (30) 

0  2* 

$ 

0.6C 

Connector  Assembly  (2) 

@  $3.16 

$ 

6.32 

Tuning  Screws  (13) 

0  $2.50 

$ 

32.50 

Total  Fabrication  Material  $  49.98 


Labor 

Waveguide  Body  (Insert  Loading  and 


Injection  Molding) 

10  Min 

Filter  Cap.  (Insert  Loading  and 

Injection  Molding) 

10  Min 

End  Caps  (2)  Injection  Molding 

2  Min 

Drill  Filter  Cap 

4  Min 

Drill  End  Caps 

2  Min 

Countersink  Filter  Cap 

4  Min 

Countersink  End  Caps 

2  Min 

Hate  Removal  -from  Filter  Cap 

2  Min 

Gate  Removal  from  Waveguide  Body 

4  Min 
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TABLE  3-12  (Continued) 
INJECTION  MOLDED  FILTER  COSTS 


I  Fabrication  Costs 
Labor 

Tap  Both  Ends  of  Filter  Cap  1  Min 

Deburr  and  Remove  Flash  (Filter  Cap)  4  Min 

Deburr  and  Remove  Flash  (Waveguide  Body)  6  Min 

Drill  Tuning  Screw  Holes  (13)  in  Waveguide  Body  3  Min 

Countersink  Tuning  Screw  Holes  (13)  4  Min 

Tap  Tuning  Screw  Holes  (13)  8  Min 

Drill  Holes  at  Ends  of  Waveguide  Body  (4)  3  Min 

Drill  Holes  (2)  Into  Input  and  Output  Waveguide 

Posts  3  Min 

Tap  Holes  (4)  Into  Input  and  Output  Waveguide 
Posts  4  Min 

Environmental  Stabilization  of  Filter  Cap 
and  Waveguide  Body  6  Min 

Total  Labor-Fabrication  =  1  Hr  22  Min 


Labor  Cost  =  $25/hr  x  1  hr  22  Min  =  $34.16 
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TABLE  3-12  (Continued) 


INJECTION  MOLDED  FILTER  COSTS 


II  Plating  Costs 
Materials 

.75  Silica  Blend  Grit 

hno3 

HF 

NaOH 

Cataprep  505 
Cataposit  44 
Acceleration  19 
CP70-A 
CP70-Z 
CP70-M 

Metal  finishing  pad 
Gold  Plating 


@  $0. 40/lb.  0.5  lb  x  $0. 40/lb  =  SO 

@  $3. 77/lb, 

@  $3. 80/lb,  =  $0.10 

@  $7. 50/lb, 

0  $2. 00/1  iter 
0  $85.49/1  iter 

0  $3. 56/liter  =  $2.70 

0  $0. 93/liter 
@  $1 .60/liter 
0  $3. 38/liter 

0  $0. 40/Sheet  =  $0.40 

0  $800.00/oz 

Thickness  =  75  x  10  ^  in.  =  $0.15 

Total  Plating  Material  =  $3.55 


Labor 

Vapor  hone 
Etch 

Electroless  Copper  Plate 
Pol ish 

Electrolytic  Gold  Plate 


10  Min 
15  Min 
15  Min 
30  Min 
_  5  Min 

hr,  15  Min 

15  min  =  $31 .25 


Total  Labor-Plating  =  1 

Total  Labor  Cost  =  $25. 00/hr  x  1  hr 


.20 
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TABLE  3-12  (Continued) 


INJECTION  MOLDED  FILTER  COSTS 


III  Assembly  Costs 
Labor 

1.  Insert  connector  pins  (2)  into  input  and  8  Min 

output  posts.  Solder  pins  to  post  (2). 

2.  Place  filter  cap  over  waveguide  body  and  2  Min 

over  connector  pins  engaging  alignment  pins 

of  the  filter  cap  with  the  alignment  holes 
in  the  waveguide  body. 

3.  Fasten  cap  to  waveguide  body  with  14  screws  15  Min 
and  washers,  torque  to  4  in-lbs. 

4.  Cut  teflon  dielectric  to  proper  height  then  6  Min 
engage  over  connector  pins  (2). 

5.  Assemble  connectors  (2)  over  teflon  dielectric  6  Min 
and  fasten  with  (8)  screws  and  washers. 

Torque  to  3  in-lbs. 

6.  Insert  (13)  tuning  screws.  Check  for  complete  15  Min 
travel  through  waveguide. 

7.  Place  end  caps  (2)  over  filter  assembly.  10  Min 

Fasten  with  (8)  screws.  Torque  to  2  in-lbs. 


Total  Labor  -  Assembly  =  1  hr  12  Min 

Total  Labor  Costs  -  Assembly  =  $30.00 


(25$/hr  x  1  hr  12  min) 


TABLE  3-12  (Continued) 


INJECTION  MOLDED  FILTER  COSTS 


IV  Tuning  Costs 

1 .  Tune  filter  20  Min 

Labor  Costs  (25$/hr  x  0.33  hr.)  =  $8.33 


V  Tooling  Costs 

Injection  Molds  $20,175.00 
Tuning  Screw  Drill  Fixture  $2,000.00 
Temperature  Stabilization  Fixtures  $200.00 
Input-Output  Pin  Drill  Fixture  $200.00 


Total  Tooling  Costs  $22,575.00 
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TABLE  3-12  (Continued) 


INJECTION  MOLDED  FILTER  COSTS 


S13  Molded  Filter 
Total  Costs 


I 

Fabrication 

Labor  Cost 

S 

34.16 

Material  Costs 

$ 

49.98 

II 

Plating 

Labor  Costs 

S 

31.25 

Material  Costs 

$ 

3.55 

III 

Assembly 

Labor  Cost 

$ 

30.00 

IV 

Tuning  Cost 

J_ 

8.33 

Total  Cost 

of  Filter 

$ 

157.27 

V 

Total  Tooling  Costs 

$23,375.00 
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TABLE  3-13 


METRIC  CONVERSION  TABLE 


English  Units 

Given 
Length 
Inch  (in) 
Foot  (ft) 

Area 

Inch2  (in2) 
Foot2  (ft2) 


Metric  (SI)  Units 
To  Obtain 

Meter  (m) 
Meter  (m) 


Meter2  (m2) 
Meter2  (m2) 


Volume 
Inch3  (in3) 

Foot3  (ft3) 
Gallon  (gal) 
Force 

Pound  (lb) 

Mass 

Slug 

Pound  (lb) 
Pressure 
lb/ in2  (psi) 
in.  of  Hg  (60°F) 
Torque 
in. -lb 


Meter3  (m3) 
Meter3  (m3) 
Liter  (1) 


Newton  (N) 

Kilogram  (Kg) 
Kilogram  (Kg) 

Pascal  (Pa) 
Pascal  (Pa) 

Joule  (J) 


Conversion  Factor 
Multiply  by 

-2 


2.540  x  10 
3.048  x  10 


-1 


6.452  x  10' 
9.290  x  10' 


1.639  x  10' 
2.832  x  10 
3.785 


-2 


4.448 


1.459  x  10 
4.536  x  10 


1 

-1 


6.895  x  10' 
3.377  x  10' 


1.130  x  10 


Temperature 

Or 


(Top  -  32 )/l .8 
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TABLE  3-13  (Continued) 


METRIC  CONVERSION  TABLE 


English  Units 

Metric  (SI)  Units 

Conversion 

Factor 

Thermal  Conductivity 

BTU-in/hr-ft2-°F 

CaI-cm/sec-cm2-°C 

2.923  x 

103 

Density 

lb/in3 

Kg/m3 

2.768  x 

104 

101 

lb/ft3 

Kg/m3 

1.602  x 

Flow  Rate 

Gal /min 

1/min 

3.785 
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Figure  3-4.  Valox  Injection  Molded  Filter  Showing  Smooth  Molded  Surfaces 


Figure  3-6.  Instron  Universal  Testing 
Machine  -  Set-Up  in  Tension  Mode 


Figure  3-9.  Thermal  Conduct ivi 
Constant  Heat  Source 


Figure  3-10.  Thermal  Conductivity  Test  -  Valox  Sample 
and  Thermocouples  Mounted 


Figure  3-11.  Thermal  Conductivity  Test  -  Constant  Heat 
Source  and  Valox  Sample  Enclosed 


Figure  3-12.  Thermal  Expansion  Test  -  Sample  Being 
Cooled  by  Alcohol  Coolant 


Figure  3-15.  Filtration  and  Circulation  Tube  Pump 
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Figure  3-16.  Electroless  Copper  Plating  Set-Up 


Figure  3-17.  Peel  Strength  Versus  /Vnount 

Of  Etching  Time 


o 
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Figure  3-19.  Peel  Strength  Versus 
%  Weight  Loss 


A254365 


Figure  3-21.  Peel  Test  Set-Up 
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injure  3-24.  Environmental  Tos t i nc)  at.  Temperature 
I  xtremes  -  Val  ox/ll  ectroiess  toppier  Samples 


Figure  3-29.  Waveguide  Filter  Ca 


-DIRECTION  OF  FLOW  MELT  TEMP  500°F(260°C) 
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Figure  3-30.  Effect  of  Mold  Temperature  on 
Hold  Shrinkage  (Valox  420-SE0) 


DIRECTION  OF  FLOW 


MELT  TEMPERATURE 

ure  3-31.  Effect  of  Melt  Temperature  on  Mold 
Shrinkage  (Valox  420-SEC) 


o 
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Figure  3-32.  Effect  of  Injection  Pressure  on  Mold 
Shrinkage  (Valox  420-SEO) 


Figure  3-33.  VJaveguid 


3-35 
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Figure  3-37.  Thermal  Shock  Cycling  -  Boiling  Water 


Figure  3-38.  Thermal  Shock  Cycling 


4.0  RESULTS  ANALYSIS  -  INJECTION  MOLDED  FILTER 


The  conclusion  to  this  program  has  yielded  excellent  results 
from  the  standpoint  of  cost,  production,  and  design  reliability: 


1.  Insertion  loss  of  injection  molded  filter  is  extremely  low 
(0.99  db  ave  versus  1.40  db  for  machined  aluminum  filter). 

2.  The  VSWR  measurements  again  show  the  superiority  of  the 
injection  molded  filter  over  the  metal  filter.  Average 
VSWR  for  the  plastic  filter  was  1.31:1  versus  1.62:1  for 
the  aluminum  filter. 

3.  Attenuation  at  the  stop  band  also  showed  significant  results. 

The  design  specification  calls  out  that  attenuation  shall  be 
no  less  than  -45  db.  Stop  band  attenuation  was  -58.24  db  for 
the  injection  molded  filter  versus  -50.12  db  for  the  metal 
filter. 

4.  A  weight  reduction  of  15  grams  was  realized  (aluminum  machined 
filter  150  grams  versus  injection  molded  filter  135  grams). 

5.  A  phenomenal  cost  savings  of  over  20:1  is  a  result  of  the 
conclusion  of  this  program.  The  excellent  electrical  results 
achieved  on  this  plastic  injection  molded  filter  allow  this 
concept  to  become  mandatory  if  the  costly  machining  operations 
and  large  capital  outlays  necessary  to  build  conventional  metal 
filters  are  to  be  avoided.  Repeated  operator  errors  in  machining 
metal  filters  with  their  stringent  dimensional  tolerances  must 

be  eliminated  to  prevent  the  high  scrap  rate.  This  can  be 
accomplished  with  injection  molded  filters  where  uniformity  and 
repeatability  in  dimension  and  tolerance  can  be  achieved 
economically  by  automatic  means. 

The  total  cost  of  one  injection  molded  waveguide  filter  was 
$157.27  compared  with  a  machined  aluminum  filter  costed  at 
$3674.42.  Complete  cost  breakdowns  for  the  machined  metal 
and  injection  molded  filters  are  contained  in  Tables  3-11 
and  3-12,  respectively. 
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ADDENDUM 


The  environmental -electrical  testing  of  the  S 1 3  filters  exposed 
one  area  which  was  considered  marginal  at  the  upper  end  of  the 
functional  operating  specifications  for  the  Close  In  Weapon  System’s 
radar  system.  At  operational  temperature  extremes  (+40°F  -  +150°F) 
the  frequency  response  of  the  filters  shifted  60  MHz.  Through 
proper  tuning  the  filters  passed  the  Test  Plan  requirements,  but 
the  results  did  not  provide  an  adequate  performance  margin  to 
produce  satisfactory  production  yields.  An  examination  of  the  Valox 
420-SE0  material  was  conducted,  it  established  that  the  anisotropic 
coefficient  of  thermal  expansion  was  the  cause  for  the  frequency 
shift.  The  fibrous  reinforcement  became  directional  during  molding, 
hence  ^(coefficient  of  thermal  expansion)  was  decreased  in  one  plane 
alone. 

Although  the  requirements  of  the  Manufacturing  Technology  contract 
were  met,  it  was  considered  desirable  to  extend  the  results  to  more 
fully  cover  this  application. 

A  materials  search  was  conducted  to  find  a  resin/filler  replacement 
for  Valox  420-SE0  to  decrease  the  frequency  shift.  The  three 
factors  examined  were;  1)  crystalline  and  amorphous  resins  for 
low  coefficients  of  thermal  expansion,  2)  adaptability  to  high  filler 
levels,  3)  filler  materials  including  fibers,  beads,  flakes,  and 
powders.  Samples  and  filters  were  molded  of  five  likely  materials 
for  testing  .»  and  frequency  shifts  at  operational  temperatures. 

Five  filters  were  fabricated  from  the  improved  material  system. 

These  five  filters  exhibited  a  frequency  shift  of  30  MHz  from 
+40°F  to  +150°F  down  from  60  MHz  of  the  Valox  material.  This  material 
system  was  a  polybutylene  Terephthalate  (thermoplastic  polyester) 
with  35/o  glass  bead  and  5k  glass  fiber.  The  PBT,  a  crystalline 
thermoplastic,  was  chosen  for  its  retention  of  strengths  at  high  filler 
loadings.  The  glass  bead,  an  isotropic  filler,  lowered  a  in  all  planes. 
The  glass  fiber  was  included  to  increase  mechanical  properties.  Since 
Valox  420-SE0  is  a  PBT  resin/30  .  glass  fiber  system  and  the  new  system 
is  PBT  resin/35',  bead  -  5  fiber  the  metallization  and  injection 
molding  processes  remained  identical. 

This  material  is  currently  being  used  in  the  CIWS  production  filters 
qualification.  An  additional  eight  injection  molded  filters  will 
undergo  environmental -electrical  tests  per  Section  1 1 - 1  of  the  Test 


85 


TTO-MJ93  446  GENERAL  DYNAMICS  CORP  POMONA  CA  POMONA  DIV  F/G 

s  manufacturing  technology  program  for  microwave  components. CU) 

APR  80  H  L  MACTURK  N66001-79-C-0022 

UNCLASSIFIED  NAVSEA-MT-S-617-78  NL 


l 


* 


i 


■I 


CDRL  A003 
Code  Ident  0543 
M-24-6-866 


Plan.  Performance  verification  of  the  new  thermoplastic  will  be 
under  the  auspices  of  the  CIWS  program  office  as  final  production 
proofing  for  implementation  in  that  system.  The  high  mechanical 
properties  along  with  early  test  data  give  the  program  a  higher 
level  of  confidence  in  achieving  superior  filter  performance 
together  with  satisfactory  production  yields. 
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APPENDIX  A 
TEST  PLAN 

MANUFACTURING  TECHNOLOGY  PROGRAM 
FOR 

MICROWAVE  COMPONENTS 
CONTRACT  N66001-79-C-0022  WJC 


Introduction 


This  test  plan  Is  being  submitted  in  compliance  with  the  requirements 
of  Contract  N66001-79-C-0022WJC.  "Microwave  Component  Manufacturing 
Technology"  specifically  dealing  with  a  manufacturing  process  to 
produce  plated  injection  molded  waveguide  filters. 

The  test  plan  defines  the  scope  of  the  tests  required  to  insure  that 
the  hardware  produced  by  the  demonstrated  manufacturing  process  meets 
all  applicable  technical,  functional,  and  performance  criteria.  It 
presents  details  as  to  which  tests  are  to  be  performed,  what  procedures 
will  be  used  to  conduct  the  tests,  what  constitute  the  criteria  for 
test  results  acceptance,  who  has  the  responsibility  for  conducting 
the  tests,  and  the  schedule  for  accomplishing  the  tests. 


Objective 

(a)  To  fabricate  a  series  of  similar  plated  microwave  injection 
molded  post  waveguide  filters  operating  in  the  S  band  region  to  the 
dimensions  specified  by  the  CIWS  engineering  drawing  and  to  the 
fabrication  process  specifications  established  in  this  program,  for 
the  purpose  of  performing  acceptance  qualification  tests. 

(b)  To  formulate  and  document  a  test  plan  and  procedures  to  determine 
the  structural,  electrical,  and  environmental  properties  of  this 

13  post  S  band  microwave  filter,  and  to  verify  that  it  meets  all 
specifications  consistent  with  the  CIWS  system  requirements.  All 
test  data  is  to  be  documented  and  submitted  as  part  of  the  final 
report  along  with  a  complete  description  of  the  corresponding  manufacturing 
process  (Development  Process  Specification). 


(c)  The  test  plan  outlining  the  test  results  and  the  appropriate  department 
group  at  General  Dynamics  conducting  the  tests  will  appear  as  appendices 
at  the  end  of  the  final  report. 


PREPARED  BY:.  L .  fA+CFL/iz.  CONCURRED  BY 

W.  L.  MacTurk 
Program  Director, 

General  Dynamics,  Pomona  Div. 

M.  C^Abraras,  Chief  ' 

Advanced  Manufacturing  Technology 
General  Dynamics,  Pomona  Div. 


G.  E.  Stanley 
System  Developme 
Sub  Contracts 


rw  and 


APPROVED  BY: 


ACCEPTED  BY: 


phalanx  Program  Office 


bhn  Markall 
Program  Monitor 
Naval  Ocean  Systems  Center 


A-l 


1.  Tensile  Strength 

2.  Compressive  Strength 

3.  Flexural  Modulus 

4.  Thermal  Conductivity  of  Valox  420  SEO  Plastic 

5.  Thermal  Expansion  of  Valox  420  SEO  Plastic 

Electroless  Plating  Properties  of  Valox  420  SEO  Coupons 

1.  Copper  Adhesion  to  Coupons 

2.  Copper  Thickness 

3.  Copper  Uniformity 

4.  Surface  Finish 

Thermal  Shock 

1.  Plating  Integrity  of  Coupons  after  Thermal  Shock 
Tooling  Molds  -  Injection  Molding 

1.  Design  of  Steel  Waveguide  Cavity  Mold 

2.  Design  of  Steel  Cap  and  Post  Mold 

3.  Fabrication  of  Steel  Waveguide  Cavity  Mold 

4.  Fabrication  of  Steel  Cap  and  Post  Mold 

5.  Dimensional  Accuracy  of  Steel  Waveguide  Cavity  Mold 

6.  Dimensional  Accuracy  of  Steel  Cap  and  Post  Mold 

Dimensional  Tolerance  Accuracy  of  Injection  Molded  Filter 

1.  Post  Diameters 

2.  Post  Separations 

3.  Post  Length 

4.  Post  Perpendicularities 

5.  Tuning  Posts  to  Tuning  Screws  -  Concentricity. 

6.  Waveguide  Dimensions 

7.  Surface  Finish 
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G.  Copper  and  Gold  Plating  of  Inlection  Molded  Filters 


1.  Dimensional  Accuracy  as  referenced  in  Section  II-G-1. 

2.  Surface  Finish  as  referenced  in  Section  II-G-2. 

H.  Thermal  Shock  -  Plated  Injection  Molded  Filters 

1.  Thermal  Shock  Cycling  -  Water  Immersion 

2.  Thermal  Shock  Cycling  -  Temperature  Extremes 

I.  Functional  Testing  of  Plated  Inlection  Molded  Filters 

1.  Electrical  Testing  of  Filters 

2.  Environmental  Testing  of  Filters 

II.  Test Procedures  on  Injection  Molded  Waveguide  Post  Filters 


B.  Physical  Properties  of  Inlection  Molding  Plastic  -  Valox  420  SEP 

Coupons 

General  Electric's  Valox  420  SEO,  a  thermoplastic  polyester  resin 
reinforced  with  a  30%  glass  fiber  component  results  in  increased 
thermal  properties,  strength,  stiffness,  and  dimensional  stability 
over  unreinforced  grades  of  thermoplastics. 

This  reinforced  glass  thermoplastic  is  an  excellent  candidate  for 
this  program. 

Physical  properties  called  out  in  Section  I-B  will  be  tested  to 
verify  the  vendor’s  numbers  and  should  meet  the  following, 

1.  Tensile  Strength  >  16000  psi,  (Minimum  5  test  coupons) 

2.  Compressive  Strength  >  18000  psi.  (Minimum  5  test  coupons) 

3.  Flexural  Modulus  >  1  x  106  psi.  (Minimum  5  test  coupons) 

t)  _ 

4.  Thermal  Conductivity  — 1.3  BTU/Hr/Ft  /in/  F 

5.  Coefficient  of  Thermal — 1.3  to  1.5  in/in/°F  x  10  5  (Mold  Direction) 

Expansion 

C.  Electroless  Plating  Properties  of  Valox  42QSEO  Coupons 

1,  Copper  adhesion  to  test  coupons  (minimum  3  test  coupons). 

Peel  strength  shall  be  greater  than  2.5  lbs  per  in/in  when 
measured  on  a  tensilometer  to  Mil-Std-P-55617. 

2.  Copper  thickness.  (Minimum  6  test  coupons) 

Copper  thickness  including  gold  flash  shall  be  0.0008"  +  0.0002" 
as  cross  sectioned  for  metallographic  samples. 


3.  Copper  uniformity.  (Minimum  6  test  coupons) 

Copper  uniformity  as  to  thickness  and  surface  smoothness 
shall  not  vary  above  or  below  the  dimension  and  tolerance 
given  in  Section  II-C-2  at  any  given  point  on  the  test 
coupon. 


4.  Surface  Finish  (minimum  6  test  coupons)  shall  be  no  greater 
than 


D.  Thermal  Shock 


1.  Plating  Integrity  of  Coupons  after  Thermal  Shock 
(minimum  6  test  coupons) . 

No  delamination  or  blistering  of  the  copper  from  the  coupons 
is  allowed  after  testing  as  follows  in  a  controlled  thermal 
chamber  and  cycled  for  10  cycles 


-40°F  - 
75°F  - 
160°F  - 
75°F  - 


30  minutes 
5  minutes  maximum 
30  minutes 
5  minutes  maximum 


1  Cycle 


E.  Tooling  Molds  -  Injection  Molding 

The  engineering  drawings  which  specify  a  machined  metal  filter  with 
machined  tuning  posts,  dip  brazed  into  the  waveguide  cap  reflect 
dimensional  tolerances  of  a  stringent  critical  nature  due  to  more 
than  50  machining  and  assembly  operations  required  to  produce  this 
filter.  These  dimensional  tolerances  in  certain  cases  may  be 
relaxed  in  the  injection  molded  filter  since  the  waveguide  cavity, 
tuning  posts,  waveguide  cap,  mounting  screw  holes,  are  all  injection 
molded  in  a  single  shot  operation.  Consequently  dimensions  in  some 
areas  of  the  molded  filter  will  not  follow  those  of  the  metal  filter 
but  where  critical  tolerances  affect  electrical  performance  these 
conditions  will  be  met. 


Tooling  molds  will  be  checked  dimensionally  and  will  reflect  mold 
shrinkage  and  plating  thickness  tolerances.  Dimensions  where 
required  will  be  held  to  the  tolerances  quoted  under  Section  II-F. 
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.  Dimensional  Tolerance  Accuracy  of  Inlection  Molded  Filter 


1.  Post  Diameters  (minimum  of  5  filters).  Diameters  will 
be  held  to  a  dimensional  tolerance  of  +  .001. 

2.  Post  Separations.  (Minimum  of  5  filters).  Separation 
between  tuning  posts  will  be  held  to  a  dimensional  tolerance 
of  ±  0.003". 

3.  Post  length.  (Minimum  of  5  filters).  Post  length  will  be 
held  to  a  dimensional  tolerance  of  +  0.002". 

4.  Post  Perpendicularities.  (Minimum  of  5  filters).  Posts  must 
be  perpendicular  to  waveguide  cap  within  +  0.003". 

5.  Concentricity  of  Tuning  Posts  to  Tuning  Screws  (Minimum  of 
5  filters).  Must  be  held  within  0.002". 

6.  Waveguide  Dimensions  (Minimum  of  5  filters).  Must  be  held 
to  a  dimensional  tolerance  of  +  .005". 

7.  Surface  Finish.  (Minimum  of  5  filters).  Surface  finish 
must  be  better  than 

G.  Conner  and  Gold  Plating  of  Inlection  Molded  Filters 

1.  Dimensional  Accuracy.  (Minimum  of  5  filters) 

These  will  reflect  the  same  tolerances  called  out  in 
Section  II-F,  1,  2,  3,  4,  5  and  6.  Copper  thickness 
including  the  gold  flash  for  corrosion  purposes  will 
have  a  dimension  and  tolerance  of  0.0008"  +  0.0002". 

2.  Surface  Finish.  (Minimum  of  5  filters) 

As  referenced  in  Section  II-F-7  surface  finish  will  be 
less  than  \r. 

H.  Thermal  Shock  -  Plated  Inlection  Molded  Filters 

1.  Thermal  Shock  Cycling  -  Water  Immersion  (Minimum  of  3  filters) 
This  harsh  test  will  consist  of  10  cycles.  One  cycle  will 
consist  of  immersing  a  filter  into  boiling  water  for  10  seconds 
then  removing  the  filter  and  immersing  it  into  room  temperature 
running  water  for  10  seconds,  and  repeating  these  operations 
continuously  for  ten  cycles.  Each  filter  will  then  be  examined 
for  plating  defects  such  as  (a)  longitudinal  cracking  of  the 
copper  surface,  (b)  blistering,  or  (c)  delamination.  Mo  defects 
allowed  on  a,  b  or  c. 
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2.  Thermal  Shock  Cycling  -  Temperature  Extremes  (Minimum  of  3  filters) 
This  will  be  identical  to  the  thermal  shock  cycling  as  detailed 
in  Section  II-D-1.  No  delamination  or  blistering  of  the  gold/coppe 
from  the  plastic  substrates  of  the  filters  allowed. 

Functional  Testine  of  Plated  Inlection  Molded  Filters 

1.  Electrical  Testing  of  Filters  (Minimum  of  3  filters) 

Filters  will  be  tested  on  an  Automatic  Network  Analyzer 
HP  8542  and  must  meet  the  following  requirements. 

(a)  Center  frequency  F£  *  1/5  (Fo  -  1600)  MHz 

(b)  Pass  Band  F  +  125  MHz 

c  — 

(c>  VSWR  within  Pass  Band  1.8:1  maximum 

(d)  Insertion  loss  within  Pass  Band  2db  maximum 

(e)  Attenuation  at  F  +  220  MHz  45  db  minimum 

c 

(f)  Attenuation  at  F  -  220  MH2  45  db  minimum 

c 


2.  Environmental  Testing  of  Filters  (Minimum  of  3  filters) 

(a)  Temperature 

The  filter  shall  survive  with  no  deterioration  a  non¬ 
operating  temperature  range  from  -^0  F  to  160  F  and  an 
operating  temperature  range  of  +40  F  to  +150  F  without 
degradation  of  the  requirements  specified/in  II-I-l, 
a,b,c,d,e,  and  f. 

(b)  Shock 

Three  shocks  in  each  direction  shall  be  applied  along  three 
mutually  perpendicular  axes  of  the  filter  (total  of  18  shocks). 
The  shock  pulse  shape,  acceleration,  and  duration  will  be  a 
half  sine  wave,  of  40  g's  with  a  11  millisecond  duration. 
(Mil-Std  810C  Method  516.2,  procedure  1.) 

(c)  Random  and  Sinusoidal  Vibration 

A  random  vibration  of  30  minutes  each  in  the  three  mutually 
perpendicular  axes  of  the  filter,  of  5.4  g's  RMS  at  frequencies 
between  20Hz  to  2000  Hz  corresponding  to  curve  AE  figure  514-2-5 
procedure  VII  of  Mil-Std-810C.  Also  a  sinusoidal  vibration  of 
30  minutes  each  in  the  three  mutually  perpendicular  axes  of  the 
filter  to  curve  P  at  a  peak  acceleration  level  of  5  g's  as  shown 
in  Figure  514-2-5,  Mil-Std-810C. 


(d)  Humidity 

The  filter  must  be  capable  of  operating  in  a  relative 
humidity  condition  of  95%  to  Mil-Std-810C  3.4  procedure  IV. 

III.  Criteria  For  Successful  Test  Determination 


Where  applicable  all  tests  conducted  will  meet  the  requirements 
specified  in  the  Design  Instruction  Environments  D1-444-A-002A 
Phalanx  Close  In  Weapon  System. 

Testing  requirements  for  the  S13  plastic  molded  filter  will 
conform  to  the  testing  criteria  of  the  S13  machined  metal  filter 
and  are  contained  in  M6-223-9-21-109  "A".  This  engineering 
document  outlines  the  electrical  test  procedure  used  to  determine 
the  satisfactory  performance  of  the  S13  comb  filter.  Specifications 
for  this  filter  are  listed  in  M6-223-24.46-90"B"  and  the  frequency 
F  is  defined  in  M6-223-24. 13- 301 "B".  M6-223-9. 21-109"A"  also  identifies 

tne  test  equipment  used  to  electrically  test  the  filter. 

Document  M6-223-24.46-90"C"  outlines  the  signal  generator  package 
requirements  affecting  the  S13  filter  and  the  dynamic  input  and 
output  voltages,  power  levels  frequency  ranges,  and  signals  which 
define  successful  operating  criteria. 

Document  M6-223-24. 13-110"A"  defines  the  testing  procedures  for 
successful  operation  for  environmental  testing  of  the  filter  along 
with  the  appropriate  MIL  Standards  outlining  these  tests. 

Plating  thickness  and  adhesion  must  meet  the  test  requirements  called 
out  in  Section  II-C  of  this  test  plan.  Mechanical  properties  of  the 
injection  molded  plastic  must  meet  the  test  criteria  detailed  in 
Section  II-B  of  the  test  plan. 

Dimensional  tolerance  structure  of  the  filter 
criteria  of  section  II-F&G  of  the  test  plan. 

IV.  Test  Responsibility 

A.  The  Phalanx  Program  Office  surveillance  of  the  testing  procedures 
outlined  in  Section  II  will  be  under  the  direction  of  Mr.  V.  A. 

Ferradino  of  the  Quality  Assurance  Group  Dept.  27. 

B.  The  mechanical  properties  called  out  in  Section  II-B,  1,  2,  and  3, 
will  be  conducted  by  the  Quality  Assurance  Group  Dept.  27  under 
the  supervision  of  Mr.  Joe  Harrel.  Mr.  Harrel  will  also  have  the 
responsibility  of  Quality  Assurance  testing  of  Section  TI-C,  1,  2» 3, and  4, 
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Testing  in  Section  II-H,  1,  and  2,  will  be  conducted  by  Advanced 
Manufacturing  Technology  under  the  direction  of  Dr.  M.  C.  Abrams, 
but  these  tests  will  be  verified  by  Quality  Assurance 
under  the  supervision  of  Mr.  Harrel.  Testing  of  the  items  under 
Mr.  Barrel's  department  will  be  conducted  by  Mr.  Frank  Sawyer  of 
Department  6-125. 

C.  Tooling  molds  and  dimensional  accuracy  of  the  molded  filters 
called  out  in  Sections  II-E,  II-F,  and  II-G  will  be  under  the 
supervision  of  Mr.  W.  Olson,  Quality  Assurance  Group  Dept.  27. 

D.  Thermal  conditions  specified  in  Section  II-B  items  4  and  5  will  be 
conducted  by  Advanced  Manufacturing  Technology  under  the  direction 
of  Dr.  M.  C.  Abrams.  Tests  also  conducted  by  Manufacturing 
Technology  are  defined  in  Section  II-D  with  Quality  Assurance 
supervision  under  Mr.  Joe  Harrel. 

E.  Functional  Testing  of  the  plated  injection  molded  filters  will  be 
conducted  by  the  Engineering  Department  Group  6-223  under  the 
direction  of  Mr.  R.  M.  Haner.  These  tests  which  include  electrical 
and  environmental  testing  of  the  filters  are  defined  in  Section  I 
items  1(a),  (b),  (c),  (d) ,  (e),  and  (f),  and  items  2  (a),  (b) ,  (c) , 
and  (d) . 

Test  equipment  and  results  will  be  monitored  for  Quality  Assurance 
under  the  direction  of  Mr.  Joe  Harrel. 
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Time  Schedule 


_ TASK _ 

1.  Tensile  Strength  of  Valox  420  SEO 

2.  Compressive  Strength  of  Valox  420  SEO 

3.  Flexural  Modulus  of  Valox  420  SEO 

4.  Thermal  Conductivity  of  Valox  420  SEO 

5.  Coefficient  of  Thermal  Expansion 

of  Valox  420  SEO 

6.  Copper  Adhesion  (Peel  Strength)  of 

Valox  420  SEO 

7.  Copper  Thickness  of  Valox  420  SEO 

8.  Copper  Uniformity  on  Valox  420  SEO 

9.  Surface  Finish  of  Plated  Copper  on 

Valox  420  SEO 

10.  Thermal  Shock  Tests  on  Plated 

Valox  420  SEO 

11.  Tooling  Molds  -  Dimensional 

Accuracy 

12.  Dimensional  Tolerance  Accuracy  - 

Injection  Molded  Filter 

13.  Dimensional  Accuracy  -  Plated 

Injection  Molded  Filter 

14.  Thermal  Shock  -  Plated  Injection 

Molded  Filter 

15.  Functional  Testing  of  Plated 

Injection  Molded  Filter 

(a)  Electrical 

(b)  Environmental 

16.  Final  Report 
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GENERAL  DYNAMICS  |  POMONA 


CERTIFICATE  OF  COMPLIANCE 


DATE:  26  June  1979 

TOt  W.  L.  MacTurk  Dept.  24-6 


IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN  HAS  BEEN 
INSPECTED  FOR  TENSILE  STRENGTH,  COMPRESSIVE  STRENGTH,  AND  FLEXURAL 
MODULUS. 

The  material  was  tested  on  an  Instron  Universal  Testing  Machine 
Model  #TTD.  The  material  meets  the  requirements  of  the  Test  Plan 
M-24-6-866  Sections  II-B-1,  II-B-2,  and  II-B-3.  Quality  Assurance 
Report  R225925  is  attached  to  this  certificate  of  compliance  and 
delineates  the  data  obtained  and  the  method  of  testing.  Calibration 
on  equipment  is  not  due  until  21  February  1980. 
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CERTIFICATE  OF  COMPLIANCE 


OATSi  1  August  1979 

TOt  W.  L.  Mac Turk  Dept.  24-6 


IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN  HAS  BEEN 
INSPECTED  FOR  COPPER  ADHESION. 

The  material  was  tested  on  an  Instron  Universal  Testing  Machine  Model 
//  TTD.  The  material  meets  the  requirement  of  the  Test  Plan  M-24-6-866 
Section  II-C-1.  Quality  Assurance  Report  R  225952  is  attached  to  this 
certificate  of  compliance  and  delineates  the  data  obtained  and  the 
method  of  testing.  Calibration  on  equipment  is  not  due  until  21  February 
1980. 
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CERTIFICATE  OF  COMPLIANCE 


date i  29  August  1979 

to.  W.  L.  MacTurk  Dept.  24-6 

IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN  HAS 
BEEN  INSPECTED  FOR  COPPER  THICKNESS  AND  UNIFORMITY. 

The  material  was  inspected  on  a  Balphot  Metal! ograph  Cat.  #42-31-22. 

The  material  meets  the  requirements  of  the  Test  Plan  M-24-6-866  Sections 
II-C-2  and  II-C-3.  Quality  Assurance  Report  R225978  is  attached  to  this 
certificate  of  compliance  and  delineates  the  data  obtained. 


DESCRIPTION 

Electroless  Copper/Valox  420-SE0  Test  Coupons 

PART  MUMSCR 

REVISION 

PURCHASE  OAOEft  MUMEER 

PACKING  SHEET  NUMIER 

OTHER  DOCUMENTATION 

Contract  N66001-79-C-0022  WJC 

C-5 


foam  n-m 


I’  0, CORRECTIVE  ACTION 


REMOVE  FROM  MANIFOLD  BEFORE  FURTHER  RECORDING 


1 


G1IIIIIIID 

GENERAL  DYNAMICS  I  POMONA 


CERTIFICATE  OF  COMPLIANCE 


date:  3  JANUARY  1980 

T0*  U.  L.  MacTurk  Dept.  24-6 


IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN 
HAS  BEEN  INSPECTED  FOR  SURFACE  FINISH. 

The  material  was  inspected  on  a  Taylor  Hobson  Talysurf  10. 
The  surface  finish  of  the  six  electroless  copper/Valox 
420-SE0  test  coupons  was  less  than\^{i^' 
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CERTIFICATE  OF  COMPLIANCE 

date-.  17  September  1979 

to.  W.  L.  MacTurk  Dept.  24-6 

IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN  HAS  BEEN 
INSPECTED  FOR  PLATING  INTEGRITY  AFTER  THERMAL  SHOCK. 

The  material  was  visually  inspected  for  delamination  and  blistering 
of  copper  on  the  test  coupons.  The  material  meets  the  requirement 
of  the  Test  Plan  M-24-6-866  Section  II-D-1.  Quality  Assurance 
Report  R272259  is  attached  to  this  certificate  of  compliance. 
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TOOLING  MOLDS  -  DIMENSIONAL  ACCURACY 
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oate:  13  November  1979 

to,  W.  L.  MacTurk 


It  is  hereby  certified  that  the  mold  described  herein  has  been 
inspected  for  the  following: 

Input  and  output  post  diameters;  Post  separation;  Post  Length; 
Waveguide  depth;  Waveguide  length;  and  Waveguide  width.  The 
mold  met  the  dimensions  given  by  Tool  Drawing  24-6-101  with  the 
tolerances  taken  from  the  Naval  Test  Plan  Section  1 1 - F . 
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CERTIFICATE  OF  COMPLIANCE 


14  November  1979 


W.  L.  MacTurk 


It  is  here  by  certified  that  the  mold  described  herein 
has  been  inspected  for  the  following? input  and  ouput 
connector  hole  diameters  and  spacings;  post  diameters; 
post  spacings;  and  post  lengths.  The  mold  met  the 
dimensions  given  by  the  Tool  Drawing  24-6-100  with  the 
tolerances  taken  from  the  Naval  Test  Plan  Section  II-F. 
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datei  15  January  1980 


TO» 


W.  L.  MacTurk 


It  is  hereby  certified  that  the  drill  fixture  described 
within  has  been  inspected  for  the  following:  tuning  screw 
hole  spacings,  alignment  pin  spacings,  waveguide  insert 
width,  and  waveguide  insert  depth.  The  drill  fixture  met 
the  dimensions  given  by  the  Tool  Drawing  24-6-102  with  the 
tolerances  taken  from  the  Naval  Test  Plan  Section  II-F-5. 
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CERTIFICATE  OF  COMPLIANCE 

oati,  27  March  1980 

to.  W.  L.  MacTurk  Dept.  24-6 

IT  IS  HEREBY  CERTIFIED  THAT  FIVE  S13  FILTERS  HAVE  BEEN  INSPECTED  AND  MET 
THE  FOLLOWING  TOLERANCES  WITH  THE  DIMENSIONS  TAKEN  FROM  THE  ENGINEERING 
DRAWINGS  SPECIFIED  BELOW. 

1.  Post  diameters  perpendicular  to  center  of  B  Plane  +  .001". 

2.  Post  separations  +  .003". 

3.  Post  Length  +  .002". 

4.  Post  perpendicularities  +  .003". 

5.  Average  concentricity  of  tuning  posts  to  tuning  screws 
in  longitudinal  Plane  +  .004". 

6.  Waveguide  length,  width,  and  depth  +  .005". 
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CERTIFICATE  OF  COMPLIANCE 


oate:  29  January  1980 

TO,  W.  L.  MacTurk  24-6 


IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN  HAS 
BEEN  INSPECTED  FOR  COPPER  THICKNESS  AND  UNIFORMITY. 

The  material  was  inspected  on  a  Balphot  Metallograph  Cat.  #42-31-22. 
The  material  meets  the  requirements  of  the  Test  Plan  M-24-6-866 
Section  II-G-1.  Quality  Assurance  Report  R394859  delineates  the 
data  obtained  for  the  five  waveguide  filters. 
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CERTIFICATE  OF  COMPLIANCE 


OATt:  5  January  1980 

T0*  W.  L.  MacTurk  Dept.  24-6 


IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN 
HAS  BEEN  INSPECTED  FOR  SURFACE  FINISH. 

The  material  was  inspected  on  a  Taylor  Hobson  Talysurf  10. 

The  surface  finish  of  the  five  electroless  copper/Valox  420-SE0 
Filters  was  less  than/lOO  . 
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THERMAL  SHOCK- PLATED  INJECTION  MOLDED  FILTERS 
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TECHNICAL  MEMORANDUM 


24-6-866 

MODEL 

S13  FILTER 
CONTRACT 

N66001 -79-C-0022 


date:  10  January  1980 

TO:  Mr.  John  Markall  N.O.S.C.  San  Diego,  CA 

from:  Advanced  Manufacturing  Technology  24-6 


SUBJECT: 


Thermal  Shock  -  Plated  Injection  Molded  Filter 


DISTRIBUTION: 

LIBRARY 


PREPARED  BY: 


PREPARED  BY: 


C.  R.  Auletti 


REVIEWED  BY: 


1  /  V  C*  C  >' 


W.  L.  Macturk 


APPROVED  BY: 


M.  L. • Charters 
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TABLE  H-l 


THERMAL  SHOCK  CYCLING 

-  WATER  IMMERSION 

LONGITUDINAL 

FILTER 

CRACKING 

DE LAM I  NAT I  ON 

BLISTERING 

3 

None 

None 

None 

4 

None 

None 

None 

5 

None 

None 

None 
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o*7!:  15  February  1980 

to.  W.  L.  MacTurk 


Dept.  24-6 


IT  IS  HEREBY  CERTIFIED  THAT  THE  MATERIAL  DESCRIBED  HEREIN  HAS 
BEEN  INSPECTED  FOR  PLATING  INTEGRITY  AFTER  THERMAL  SHOCK. 


The  material  was  visually  inspected  for 
of  copper  on  the  plated  valox  filters, 
requirement  of  the  Test  Plan  M-24-6-866 
Assurance  Report  R394606  is  attached  to 
compliance. 


delamination  and  blistering 
The  material  meets  the 
Section  I-2-a.  Quality 
this  certificate  of 
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1 .  INTRODUCTION 


This  test  program  was  conducted  to  evaluate  the  performance  of 
injection  molded  filters  produced  on  contract  N66001-79-C-0022WJC. 

Seven  filters  were  subjected  to  a  test  program  consisting  of 
temperature,  vibration,  shock  and  humidity. 

All  filters  met  the  electrical  specifications  outlined  in 
the  test  plan,  CDRL  A005,  when  tested  to  the  environments  as  described 
herein . 

2.  TEST  SAMPLES 

The  three  filters  submitted  for  test  were  equivalent  to  GD/P 
part  number  5188423  S-13  combline  bandpass  filters  except  they  were 
injection  molded  using  GE's  Valox  420  SEO.  The  filters  were  tuned  using 
conventional  tuning  techniques.  After  tuning,  the  tuning  screws  were 
locked  with  epoxy.  No  further  adjustment  was  made  during  the  test 
program. 

3.  TEST  PROCEDURES  AND  RESULTS 

3.1  TEMPERATURE  TEST 

The  test  equipment  was  set  up  as  follows: 

ANA 

hP  9,54;' A 


DO/21  C 
TTMP  IND. 
DO -.ZD  O 
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The  automatic  network  analyzer  was  calibrated  to  the  ends  of  the 
semi-rigid  cable  using  standard  practices.  After  calibration  the  first 
UUT  was  placed  ii.  the  chamber  and  connected  to  the  semi-rigid  cables. 

A  thermocouple  was  attached  to  the  body  of  the  filter.  Baseline  VSWR 
and  insertion  loss  data  was  taken  on  the  ANA  at  room  ambient.  The 
chamber  temperature  was  then  lowered  to  40°F.  When  the  UUT  reached 
40°F  VSWR  and  insertion  loss  data  was  again  taken  on  the  ANA.  The 
chamber  temperature  was  then  raised  to  150°F.  When  the  UUT  reached  the 
test  temperature  VSWR  and  insertion  loss  data  was  obtained  using  the  ANA. 
This  test  sequence  was  repeated  for  the  second  and  third  filter. 

Test  data  are  present  in  Annex  A. 

3.2  VIBRATION 

The  test  equipment  was  set  up  as  follows: 
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The  X-Y  recorder  was  calibrated  such  that  it  displayed  a  2  dB 
power  variation  over  4  1/2  inches  in  the  Y-axis.  The  X-axis  was  adjusted 
for  a  full  scale  sweep  of  3  minutes.  The  UUT  was  installed  on  the 
vibration  table  and  power  was  applied  at  frequency  F  .  The  attenuator 
was  adjusted  such  that  the  power  level  displayed  was  mid-scale  on  the 
X-Y  recorder.  Random  vibration  of  5.4  gRms  20  to  2000  Hz  corresponding 
to  curve  AE  figure  514-2-5,  procedure  VII  of  MIL-STD-810C  was  applied 
to  the  filter  under  test  for  30  minutes.  A  3  minute  recording  was  made 
of  insertion  loss  at  the  beginning  and  end  of  the  vibration  run. 

Without  removing  the  UUT,  vibration  was  switched  to  sinusoidal  in 
accordance  with  curve  P,  figure  514-2-5,  MIL-STD-810C  (5  g's).  The 
sine  sweep  was  applied  for  30  minutes.  A  3  minute  recording  of  inser¬ 
tion  loss  was  made  at  the  beginning  and  end  of  the  run. 

The  vibration  test  was  repeated  a  total  of  three  times  for  three 
mutually  perpendicular  axes. 

The  second  and  third  filters  were  also  vibrated  as  described  above. 

One  of  the  three  filters  exhibited  large  variation  in  insertion 
loss  during  random  vibration.  Subsequent  investigation  showed  that  one 
of  the  solder  joints  on  the  connector  center  conductor  cracked.  This 
filter  was  replaced  with  another  unit  and  the  complete  vibration  test 
was  repeated. 

Two  of  the  original  filters  and  the  replacement  third  filter 
exhibited  NO  variation  in  insertion  loss  as  a  result  of  vibration. 

Test  data  are  enclosed  in  Annex  B. 
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3.3  SHOCK 

Each  filter  was  subjected  to  three  shocks  in  each  direction  along 
three  mutually  perpendicular  axes  for  a  total  of  18  shocks.  The  shock 
pulse  shape,  acceleration  and  duration  was  half  sine  wave,  40  g’s  with 
11  milliseconds  duration. 

ANA  data  taken  before  and  after  the  shock  indicated  no  degradation 
in  performance  as  a  result  of  exposure  to  this  environment. 

Test  data  is  enclosed  in  Appendix  C. 

3.4  HUMIDITY 

The  three  filters  were  exposed  to  95%  relative  humidity  at  tempera¬ 
tures  ranging  from  86°F  to  140°F  for  a  total  of  111  hours. 

Humidity  cycling  profile  and  before  and  after  RF  test  data  is 
enclosed  in  Appendix  D. 

The  filters  showed  no  degradation  in  performance  as  a  result  of 
exposure  to  this  environment. 
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stllll^ssglsiSiijl 


Ott/26/ti8  bfcii 

1856,'QOOFRCV 


S-1J  MOULOCO  FILTER 
QF-lft 


FREQ  HHI 

VSMR 

LOSS  09 

M  M 

99.  IB 

71.  47 

•111 

191.  77 

69.  95 

it.  n 

192.  85 

66.  93 

19.  99 

91.  82 

66.  53 

aim 

95.  79 

66.  23 

95.  II 

92.  72 

67.  53 

)i  n 

85.  96 

68.  31) 

35/88 

89.  89 

67.  32 

41  VI 

95.  54 

64.  1*2 

4s.  m 

99.  64 

69.  11 

59.  99 

87.  44 

56.  93 

85:  19 

98.  49 

52.  86 

99.19 

79.  53 

49.  87 

59.19 

77.  92 

45.  81 

79.19 

78.  37 

42.  T1 

75.*  99 

67.  43 

39.  18 

99  99 

55.  45 

33.  65 

95. 99 

43.  88 

29.  «9 

99719 

33.  65 

22.  96 

95.99 

19  23 

16.  53 

99.  99 

7.  92 

9  24 

99.19 

a.  27 

3.  53 

19  99 

1  15 

2.  92 

15.19 

1.  86 

1.  67 

9919 

1.  31 

1  62 

95  99 

1.  93 

1.  93 

19/ 19 

2.  43 

2.  15 

35.H 

2.  55 

2  13 

49.  99 

2  29 

1.  82 

45/91 

1.  97 

1.  42 

59.19 

1  47 

1.  13 

55/19 

1  29 

1.  93 

59.  99 

1.  43 

1.  18 

55  99 

1  63 

1  21 

79.19 

1  75 

1.  29 

75.  99 

1.  74 

1.  29 

99.  99 

1  62 

1.  18 

99.  H 

1.  44 

1  91 

99  H 

1  24 

.  92 

98  H 

1  99 

.  83 

99.19 

1.  14 

95 

95/19 

1  29 

93 

19  11 

1.  42 

.  95 

1511 

1.  53 

1.  82 

29.19 

1.  59 

.  99 

29.  99 

1.  61 

1.  91 

19  19 

1  69 

1  99 

35719 

1.  56 

,  99 

41.  99 

1  59 

.  94 

45.  91 

1.  42 

91 

11.99 

1  34 

.  96 

85799 

1.  27 

.  94 

A*  s/toc-K  sw  /r 


p 

] 

7RB8  ««* 

VSMR 

LOSS  09 

If  II 

1.  22 

.  85 

<9.  80 

1.  22 

.  85 

1  70.  II 

1.  25 

.  04 

73/** 

1  31 

.  96 

98.  II 

1.  37 

.  99 

(  1 

•5.  It 

1.  49 

.  91 

99.  «e 

1  41 

.  92 

95.  99 

1.  39 

.  99 

99  99 

1  33 

.  85 

1 

95.  99 

1-  27 

.  82 

1 

19  99 

1.  22 

.  82 

15  .  99 

1.  20 

91 

, 

£9  99 

1  22 

.  85 

i 

25.  99 

1  25 

.  99 

39.  99 

1  26 

.  96 

35.  99 

1.  24 

.  97 

48.*  99 

1  21 

.  91 

45.99 

1  23 

.97 

59.  99 

1.  32 

1.  93 

55.  99 

1.  44 

1.  09 

68.  99 

1.  58 

1.  15 

<5.99 

1.  65 

1.  21 

79  99 

1.  61 

1.  19 

75  99 

1.  47 

1.  11 

99.  99 

1.  24 

1.  83 

85  99 

1  89 

1.  93 

99.  99 

1  24 

1.  13 

95.  99 

1.  44 

1  28 

98  99 

1.  52 

1.  39 

93  99 

1.  45 

1.  4  7 

19  59 

.1.  65 

1.  79 

15  99 

2  32 

2.  44 

29  99 

2.  70 

2.  36 

25.  99 

1  91 

3.  96 

39. '99 

6  21 

9.  11 

33.  99 

29.  95 

16.  89 

49  99 

36  93 

24.  13 

45.  99 

51.  30 

30.  35 

59  99 

61  19 

35.  99 

55.  99 

64.  92 

40.  93 

<9  98 

76.  32 

45.  65 

<5.  99 

72.  32 

49.  59 

79  98 

75  57 

53.  25 

75  99 

73.  30 

56  78 

89  99 

77.  19 

60.  40 

85  90 

88.  09 

64.  63  I 

- 

99  99 

82.  99 

60.  02  I 

95  90 

94.  55 

72.  22  I 

00  90 

89  34 

73  49  I 

05.  99 

99.  97 

75.  28 

- 

19.  99 

195.  06 

79  85 

13  99 

199.  49 

77.  *7 

• 

/%£  JT/toCic 

- 

2o*3 

1-75 

L. . 

FREQ  MHI 


VSMR 


LOSS  OB 


SB.  BB 

93.  98 

r».  46 

25  BB 

IBB.  41 

B8.  86 

'SB.  B1 

169.  6  T 

BB.  96 

SB'.“BB 

*9.  <8 

BB.  n 

'46.  BB 

161.  BB 

B9,  41 

45  BB 

168.  94 

B9.  64 

56.  BB 

169.  41 

BS.  69 

S//OCK  S#/  /t 

SHSST  J  o*  3 


1-76 
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lU'ijilHHiillHlHiHH 


di/  t'4/do 

M.3LMEP  S-13  P 1LTER 


OOLb  PLATE 

Of  it 


FREQ  MM2 

VMM 

LOSS  M 

06  08 

37  85 

73.  43 

03.  88 

55.  29 

70.  21 

10.  00 

50.  03 

68.  10 

IS.  00 

SO.  11 

69.  22 

28.  00 

57.  79 

66.  18 

23.  88 

54.  99 

64.  28 

38.  00 

38.  23 

62.  45 

33.  08 

57.  96 

61.  88 

40.  00 

63.  75 

61.  24 

45.  00 

59.  89 

60.  90 

30.  88 

67.  48 

59.  15 

55  89 

69.  84 

56.  61 

6ft  08 

71.  72 

53.  57 

65  00 

73.  54 

50.  30 

70  00 

66.  12 

46.  37 

73.  80 

62.  33 

42.  80 

80  ftft 

47.  51 

39.  88 

85  88 

48  13 

34.  99 

80.  09 

38  77 

30.  68 

95.  00 

23.  88 

25.  98 

80  00 

16.  28 

20.  92 

85.  30 

18.  43 

15.  60 

18.  80 

6.  42 

10.  13 

15  88 

3.  77 

5.  76 

20  00 

2  30 

3  82 

25.  80 

1.  48 

1.  79 

38  80 

1.  11 

1.  38 

33  08 

1.  33 

1.  32 

40  08 

1.  51 

1.  38 

45  88 

1  51 

1.  27 

50  ftft 

i.  38 

1.  16 

55  88 

i.  19 

1.  85 

68  00 

1.  09 

1.  88 

65.  80 

1.  22 

1.  82 

78  88 

1.  36 

1.  04 

75.  88 

1.  49 

1  88 

88  08 

1.  55 

1  13 

85.  00 

1.  57 

1.  19 

90  09 

1  55 

1.  17 

95.  00 

1.  52 

1.  16 

88.  00 

1  58 

1.  87 

85.  08 

1.  46 

1  80 

10  89 

1.  42 

91 

15.  08 

1.  36 

.  88 

20  00 

1.  28 

.  03 

25  08 

1.  28 

.  78 

38  00 

1.  11 

.  78 

35  88 

1  88 

.  73 

40  00 

1.  14 

.  81 

45.  08 

1.  22 

.  82 

38.  88 

1.  31 

.  87 

53  00 

1.  30 

.  87 

flee  s^ock. 


I 


1-78 


/  of  3 


(  REQ  HH/ 

VSMR 

LOSS 

OB 

68 

88 

1 

44 

«8 

65 

88 

1. 

46 

87 

70 

00 

1. 

45 

87 

?5 

98 

1. 

42 

83 

80 

80 

1. 

38 

83 

85 

00 

1. 

31 

76 

90 

80 

1 

24 

72 

5*5 

00 

1 

19 

73 

08 

00 

1 

28 

7? 

85 

88 

1 

27 

73 

10 

80 

1 

36 

81 

15 

08 

1 

47 

87 

70 

08 

1 . 

55 

5*1 

25 

00 

1. 

59 

5*3 

30 

88 

1 

57 

71 

35 

00 

.1 

58 

5*4 

18 

88 

1. 

48 

5*6 

15 

00 

1 

34 

5*7 

58. 

00 

1. 

37 

35* 

55 

08 

1. 

48 

1 

85 

60 

08 

1 

68 

1 

10 

855 

00 

1 

64 

1 

10 

70 

88 

1. 

58 

1 

08 

75 

08 

1 

43 

1 

05 

80 

00 

1. 

33 

1 

87 

85. 

00 

1 

52 

1 

24 

•  5*0 

80 

1. 

5*2 

1 

51 

.95 

08 

2. 

29 

1 

80 

08 

88 

2. 

36 

1 

85* 

05 

00 

2 

01 

1 

80 

18 

00 

1 

69 

1. 

88 

15 

2 

61 

2 

68 

20 

4 

66 

4 

38 

25 

00 

6 

44 

5 

<18 

38 

$1y* 

8 

46 

7 

4  <1 

:?5 

00 

71 

16 

13 

5*0 

48 

80 

37. 

84 

21 

»/*  0' 

4  5 

00 

55 

73 

78 

:>:$ 

50 

08 

71 

74 

34 

55 

88 

<13 

5*1 

39 

f>s 

60 

00 

143 

08 

44 

35 

65 

88 

163. 

65 

48 

'70 

00 

185* 

88 

53 

'1  *. 

75 

80 

198 

73 

58 

28 

00 

00 

207. 

56 

63 

4  7 

05 

80 

382 

42 

69 

74 

90 

00 

767 

64 

72 

38 

5*5 

80 

763 

35 

73 

4  5 

00 

80 

567 

33 

72 

85 

05 

88 

85*1 

36 

68 

9-: 

10 

00 

07? 

54 

67 

34 

15 

08 

5*88 

43 

66 

8  7 

?££  SMou 


1-79 


MIEQ  MHZ 

V5MR 

LOSS  ?>B 

20  80 

38?  45 

6?.  84 

25  as 

193  60 

?e.  98 

30  aa 

.191  61 

72.  69 

35  ea 

148.  5? 

?3.  36 

40  00 

115. 3? 

78.  29 

45  08 

95.  94 

76.  14 

50  00 

84  91 

75.  30 

SA/ock. 

*'? 

3*s  3 


1-80 


1-81 


2750 


93726/88 

MOLDED  S-13  FILTER 

GOLD  FLUTE 


FOST  SMOCK  17 


FREG  MHZ 

VSMK 

LOSS  OB 

09  89 

65.  45 

79  79 

95  99 

65.  55 

79  96 

19  99 

69  29 

74.  20 

15.  99 

67.  41 

79.  36 

29.  99 

66.  51 

76.  98 

25  99 

56.  01 

66.  39 

'30.  99 

54.  ?5 

64.  95 

35  99 

55.  69 

69.  26 

48  09 

57.  «» 

57.  96 

'45  00 

59.  69 

53.  79 

59  90 

59.  30 

59.  45 

55.  69 

61  29 

46.  92 

60  90 

66  93 

43.  96 

65  90 

59  09 

39.  11 

79  90 

54.  44 

34.  62 

75  99 

49  62 

29  67 

89  69 

46  03 

23.  91 

'85.  00 

33.  03 

17.  40 

"98.  09 

23.  19 

11.  92 

85  00 

17.  85 

10.  59 

96  99 

14  51 

9  96 

95  99 

10.  36 

0.  39 

10  99 

6  49 

5.  99 

15  00 

3.  59 

3.  42 

20  99 

1.  92 

1.  72 

25  66 

1.  25 

1.  29 

39  00 

1.  39 

1  34 

35.  69 

1  56 

1.  39 

46  00 

1  56 

1  29 

45  99 

1.  49 

1  19 

56  96 

1  43 

1  11 

55  66 

1.  41 

1  92 

60  00 

1.  41 

.  96 

65  96 

1.  43 

88 

70  00 

1  41 

.  80 

75  00 

1 .  36 

76 

80  60 

1  29 

.  73 

05.  99 

1  19 

69 

86.  69 

.1  09 

.  68 

85  00 

1  02 

71 

00  00 

112 

.  69 

95  00 

1  24 

.  71 

19  60 

1  35 

.  75 

15.  09 

1  45 

.  77 

20  60 

1  54 

.  7? 

25  06 

1  58 

80 

38  90 

1  66 

84 

35  60 

1  59 

99 

40  00 

1  52 

94 

45  60 

1  45 

93 

59  98 

1  39 

91 

55  00 

1  32 

8? 

Pc&T  sy/oc*.  #1? 


/or  3 


lrKF,9  MHZ 


VSNK 


LOSS  1>B 


(►ft  ftft 
65  09 
70.  00 
75  00 
99.  90 
95  99 
99  90 
95  90 
99  99 
95  *8 
19  90 
15  00 

20.  99 

25  00 
30  09 
35  99 
40  99 
45  09 

59  90 
55  00 

60  09 
.(•5  09 
70  00 
75  00 
00  90 
09  99 
59  99 
95  00 
09  00 
95  09 
10  90 

19  90 

20  00 
25  09 
30  09 
35  00 
49  00 
45  99 

59  00 
■  55.  00 

60  99 
.65  99 

•  79  99 
•75  09 
.90.  00 
.05  00 

•  99.  09 
95  09 
•00  90 
'99  09 

10  90 
15  00 


1  2» 

80 

.1  .38 

.  77 

1  34 

76 

1  40 

92 

1  4? 

.  98 

1  93 

98 

1  57 

1.  09 

1  60 

1.  03 

1  61 

.  95 

1  60 

P6 

1.  54 

01 

1  45 

.  82 

1  33 

02 

1  19 

04 

1  19 

.  05 

1  19 

.  05 

1  35 

.  00 

1  49 

1.  08 

1  57 

1  12 

1  59 

1  28 

1  62 

1.  28 

1  45 

1  16 

1.  51 

1.  12 

1  66 

1  25 

1  70 

1.  49 

1  51 

1  97 

1  32 

1.  55 

2  45 

2.  46 

5  1  6 

5.  25 

6.  93 

8.  63 

9  71 

U  28 

7  10 

12.  76 

4.  10 

14.  48 

6  18 

19  45 

1.3  75 

26.  21 

24  40 

32  35 

34.  07 

37.  78 

41  54 

42.  58 

43  00 

46.  78 

43  00 

50.  01 

42  51 

54.  52 

44  00 

58.  41 

41  20 

62  28 

42  50 

64.  04 

45.  40 

67.  66 

44.  41 

73  16 

43.  98 

73.  51 

44  01 

88  84 

49  08 

88  64 

46  40 

80.  75 

53  26 

91  88 

56  21 

86  62 

1-83 


.j 


Post  Sy&c/c 
#/7 


2  or  3 


FREQ  HHZ 


VSMR 


LOSS  t>B 


SMI 

03.  40 

01.  41 

SB.  VO 

01.  34 

03.  66 

'JO.  90 

08.  f  0 

00.  80 

53  VO 

0?.  30 

OF.  06 

40.  VO 

03.  33 

03.  04 

48.  «« 

00  40 

09.  70 

30  00 

0?.  ?4 

00.  00 

1-84 


Po%  r  y//oc4e 

**/7 
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1OTS/35 

Holded  S-13  filter 

GOLD  FLUTE 


POST  SMOCK  10 


FRF.Q  MM2 

VSMR 

LOSS  00 

ee  @e 

69.  03 

00.  83 

05.  00 

65.  54 

04.  48 

10  00 

70.  90 

77.  00 

15  00 

68.  21 

73.  86 

SO.  00 

63.  10 

71.  30 

25.  00 

61  49 

60.  09 

30.  00 

56.  00 

66.  05 

'35.  00 

55.  16 

62.  89 

40  00 

56.  47 

89.  64 

'45.  00 

56.  77 

56.  60 

50  00 

57.  14 

53.  19 

55.  00 

50.  01 

49.  97 

00  00 

54.  10 

46.  43 

65  00 

48  71 

42.  94 

70  00 

42.  38 

39.  04 

75.  00 

37.  90 

34.  01 

00  00 

31.  95 

30.  *3 

85  00 

24.  75 

25.  44 

90  00 

10.  11 

19.  94 

95.  00 

10.  63 

13.  84 

00  00 

5  06 

7.  43 

05.  00 

2  16 

3.  30 

10  00 

1  33 

2.  28 

15  80 

1  46 

2.  21 

20  00 

.1  76 

2.  26 

25  08 

2  03 

2.  19 

30  00 

2  11 

1  93 

35  00 

1  99 

1.  55 

40  00 

1  70 

1.  19 

45  80 

1  30 

1.  85 

50  08 

1  13 

1  @2 

55.  00 

1  14 

1.  01 

68  00 

1  29 

1.  02 

65  00 

1.  39 

1  03 

70  00 

1.  41 

.  96 

7 5  00 

1  36 

.  92 

00  00 

1  27 

.  91 

85  80 

1  10 

.  86 

90.  00 

1  16 

.  01 

95  0» 

1  22 

.  70 

00  00 

1.  10 

.  78 

05  00 

1  36 

.  83 

10  00 

1  39 

.  89 

15  00 

1  39 

.  93 

20  00 

1  37 

1.  02 

25.  00 

1  32 

1.  00 

30  00 

1  27 

.  99 

35  80 

1  24 

.  99 

40  00 

1  23 

1  02 

45  00 

1.  26 

1.  02 

58  00 

1  30 

1.  04 

53  00 

1  37 

1.  09 

Po^T  SMotSc 
#/2 

Ar  3 


:E<J  HH2 

VSHK 

LOSS  <>i) 

60  09 

1.  41 

1.  09 

63  09 

1.  44 

1.  11 

/e  90 

1.  46 

1.  06 

73  99 

1.  44 

1.  03 

89.  00 

1.  4B 

.  99 

03  99 

1.  33 

.  93 

06  09 

1.  23 

.  94 

93  00 

1  13 

.  92 

00.  00 

1.  •? 

.  87 

03  00 

1.  1# 

.  03 

10  00 

1  29 

83 

13  00 

1  29 

.  90 

20  00 

1  38 

1.  03 

23  90 

1.  44 

1  12 

:i«  00 

.1.  39 

1.  23 

:i3  00 

.1  54 

1.  27 

40  90 

1. 61 

1.  24 

45  00 

1  72 

1.  26 

50  00 

1  83 

1.  33 

53  00 

1  93 

1  31 

(.0  90 

2.  99 

1  64 

65  00 

1.  92 

1.  72 

70  09 

1  74 

1.  66 

73  00 

1  47 

1.  40 

09  00 

1  28 

t.  33 

05  00 

1.  41 

1  47 

*0  00 

1.  73 

1.  81 

35  09 

2.  89 

2.  17 

00  00 

2  19 

2.  22 

03  99 

2.  23 

2  24 

10  09 

2  76 

2  86 

13  00 

3.  53 

4.  03 

20  09 

3.  48 

4.  41 

23  99 

3.  02 

5.  62 

*9  00 

15  15 

14.  01 

35  00 

33  04 

22.  06 

40  09 

46  14 

28.  62 

45  0P 

52  63 

34.  29 

59  90 

58.  46 

39.  29 

55  90 

58.  69 

43  67 

6*0  00 

48  52 

47.  79 

63  90 

49  33 

51  93 

70  00 

58.  1  8 

33.  71 

75  09 

30  04 

39.  17 

00  00 

3b  34 

62.  69 

05  09 

35.  1.9 

66.  94 

.'10  90 

33.  10 

69  91 

33  99 

30  80 

74  3H 

00  00 

52.  63 

77.  19 

05.  00 

36  58 

79.  73 

10  00 

64.  98 

87.  36 

15  00 

71  09 

83.  94 

1-87 


Post  S/fo c* 
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■mhmmmmi 


r~ — - 1 


KREQ  MHZ 

VSMR 

LOSS  08 

20.  00 

?«.  25 

05.  8i 

80  00 

75.  04 

01.  07 

30.  ft 

01.  74 

100.  09 

35.  00 

03.  50 

00.  02 

40.  n 

09.  IS 

01.  00 

45  00 

01.  58 

09.  15 

50.  00 

so.  e7 

90.  19 

03/26/80 

MOL0ED  S-13  FILTER 

GOLD  PLATE 


POST  SMOCK  19 


FREQ  MHZ 

VSUR 

LOSS  00 

»e.  so 

<9.  41 

07.  37 

03  80 

70.  67 

•7.  78 

18.  80 

72.  01 

02.  36 

IS.  00 

69.  3i 

73  98 

28.  08 

66.  53 

77.  91 

25  00 

60.  49 

76  07 

30  o;i 

37.  84 

72  30 

35.  08 

30.  09 

67.  48 

40  00 

60.  60 

68.  00 

45  00 

63.  61 

61.  76 

50  00 

61  86 

30.  42 

35  00 

63.  09 

83.  47 

60  00 

63.  70 

32.  08 

65  00 

57  93 

40.  72 

70  08 

32  43 

45.  13 

75.  00 

49.  00 

41  57 

88  00 

42  70 

37.  63 

85.  00 

35.  03 

33.  39 

90  00 

28  73 

20.  77 

95  00 

21.  03 

23.  70 

90  89 

13.  29 

10.  22 

03  00 

7  09 

12.  23 

10  00 

4.  41 

6.  99 

15  08 

2  77 

3.  38 

20  90 

1  87 

1.  93 

25  00 

1  26 

1.  43 

30  00 

1  20 

1.  33 

33  00 

1.  47 

1  33 

40  00 

1  62 

1  17 

45.  09 

1.  36 

1.  08 

30  00 

1  30 

.  09 

53.  00 

1.  16 

04 

60  99 

1  07 

.  06 

63.  00 

1  23 

.  93 
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73  90 

1  37 
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1  64 

86 

03  00 

1.  66 

.  64 

90  00 

1  64 

79 

93  90 

1  90 

.  77 

00  00 

1  92 

74 

05  00 

1  48 

.  76 

10  00 

1  30 

.  79 

13  00 

1  31 

.  01 

20.  06 

1  84 

.  04 

23  60 

1  19 

.  03 

30  00 

1.  17 

.  79 

33  00 

1  20 

78 

48  06 

1  26 

.  03 

43  00 

1  31 

R6 

30.  00 

1  40 

.  90 

33  60 

1  46 

.  97 

pozr  S/Jock 

#  tj 


/o*3 


FREQ  MHZ 


VSNR 


LOSS  t>B 


60  00 

1.  48 

1.  80 

65.  00 

1.  4  7 

.  98 

70  00 

1  42 

.  92 

75  00 

1.  34 

82 

00.  00 

1  25 

77 

00.  00 

1.  15 

.  71 

90  00 

1  87 

.  69 

95.  00 

1.  11 

.  74 

00  00 

1  22 

.  75 

05.  00 

1.  33 

.  75 

10  00 

1.  42 

.  73 

15  00 

1.  48 

.  74 

20  00 

i  48 

.  79 

25  00 

1.  43 

.  93 

38  00 

1.  35 

.  0? 

35  00 

1.  26 

.  91 

40  00 

1  23 

80 

45  00 

1  29 

.  85 

50  00 

1  41 

.  00 

55  00 

1.  58 

.  97 

60  00 

1.  53 

1.  83 

65  00 

1.  4< 

1.  87 

70  00 

1  38 

X.  84 

75  00 

1  18 

1.  92 

00  00 

1  38 

t.  86 

05  00 

1  75 

1.  30 

90  00 

2  18 

1.  79 

95  00 

2  22 

2.  87 

00  00 

1.  93 

1.  94 

05  00 

1  49 

1.  53 

10  00 

2.  01 

1.  99 

15  00 

3.  69 

3.  75 

20  00 

5.  42 

5.  20 

25  00 

6.  35 

5.  62 

38  00 

14.  78 

10.  67 

35  80 

35.  54 

19  26 

40  00 

50  06 

26.  32 

45  00 

52  75 

32.  28 

58  08 

52  57 

37.  45 

55  00 

51  52 

42.  17 

60  00 

50  47 

46.  34 

65  00 

49  29 

58.  40 

70  80 

40  46 

54.  37 

75  00 

49  .38 

57.  71 

08  80 

53  4  2 

69.  79 

85  00 

53  26 

64.  28 

90.  00 

51  58 

66.  86 

95  08 

48  36 

72  43 

00  08 

58  96 

76.  42 

05  00 

55  29 

75  72 

10  80 

61  57 

181  95 

.15  00 

60.  11 

94.  10 
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FREQ  MHZ 

VSMR 

LOSS  00 

29  99 

72  09 

91.  76 

25.  99 
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92.  33 

39  99 

76.  93 

96.  96 

35.  99 
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49  99 

94.  93 

93.  33 

*45.  99 
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‘59.  99 
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j 

i 

3 


1 


1-92 


PohT  S/Jcc/z 

#n 

3<*  3 
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HUMIDITY  DATA 
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BN1RAL.  DYNAMICS 
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FRECJ  MH? 

VSNR 

LOSS  00 

vsur 

LOSS 

I’ll 

VSWR 

LOSS 

i>i:> 

(>F-il 

t»F  ••  1  if 

QF  16 

oo  m 

83.  20 

73 

83 

tmmm 

77. 
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96 

********** 

66. 
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********** 
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45 
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********** 
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PA 

********** 
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4 
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00 

55  00 
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4. 

80 

*5  30 

12 
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00  80 
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4. 

98 

8  16 

10 
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05  00 
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4 

34 
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9 

20 

10  00 
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4.  65 
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3 
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6,  14 

5.  32 

2.  64 

2 
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X  60 

4. 

75 

20  00 
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1.  86 

A. 

0.1 

2  ?.  f 
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04 

25  00 
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3.  24 

.1 .  52 

1 
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1  30 

1 

92 

30  00 

1.  82 

2.  07 

1.  39 

1 

33 

1  49 

1 

69 
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1.  12 

1.  51 

A.  39 

1 

29 

1.  76 

1 

63 

40  0* 

1  29 

1  41 

1  4  7 

1 

29 

1  72 

.1 

53 

45  00 

1,  45 

1.  38 

1.  67 

1 

30 

1.  51 

1 

39 

50  00 

1.  40 

1  32 

1 .  64 

1 

29 

1  34 

1 
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55  00 

1  22 
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1 

27 

1  36 

1. 

iff 

CO  80 
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1.  17 

1.  58 

1 

24 
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1 

26 

65  88 

1.  24 

1  19 

1.  4  7 

A 

21 

1  60 

1 

33 

70  00 

1  41 

1.  22 

1 .  34 

1 

14 

1  65 

1 

34 

75  00 

1.  54 

1  27 

1 . 23 

.1 

.12 

1  61 

.1 

3.3 

00  00 

1.  57 

1.  27 

1.10 

1 

09 
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1 

20 

05  00 

1  52 
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A 

06 

1  39 

1 
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00  00 
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A 

09 
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1 

16 

05  00 

1.  27 

1.  80 

1 .  22 

.1 

03 
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.1 

09 

00  08 

1.  14 
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1  26 

1 

03 

1.  16 

.1 

06 
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1.  05 

l  04 
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1 

06 
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.1 

07 

10  00 

1  11 

1  02 
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A 

0  7 
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.1 

06 

15  O0 
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1  03 
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A 

0  8 

1  26 

1 

07 

20  OO 

1  33 

1  01 

A  46 

A 

09 

1.  3.1 

1 

04 

25  0O 

1.  43 

1  05 

A  54 

A 

i  2 

1  34 

A 

07 

30  00 

1.  52 

1  .10 

1  6.1 

A 

.16 

1  3  C 

.1. 

06 

35  00 

1  59 

1  13 

A  68 

A 

16 

1  38 

.1 

09 

40  *00 

1  63 

1  14 

A  76 

J 

10 

1  39 

A 

09 

45  OO 

1  64 

1.  14 

1  79 

A 

18 

1  39 

.1 

08 
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A 
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A 

07 
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J 
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A. 

00 
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16 

60 

00 

1  41 

1.  83 

A .  72 

1. 

15 

1  38 

1.  04 

65 

00 
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.1.  67 

1 

17 

1.  23 

1.  81 

78 

0* 

1.  21 

.  97 

1.  61 

1 

15 

1.  16 

1.  82 

75 

0X4 

1.  28 

.  97 

1  ■  55 

1 

12 

1  09 

1.  82 

80 

00 

1.  2? 

1.  81 

A  48 

1. 

89 

1.  09 

1.  82 

95 

<f0 

1.  35 

1.  04 

A  ■  39 

1 

84 

1.  16 

1.  85 

90 

00 

1.  43 

1  87 

A.  32 

1 

00 

1.  27 

1.  08 

95 

0*0 

1  44 

i  88 

A  ■  29 

1 

01 

1.  40 

1.  14 

00 

00 

1.  40 

1.  82 

1 .  .32 

1. 

02 

1  51 

1.  17 

05 

00 

1  33 

1.  80 

1.  39 

1. 

07 

1.  61 

1.  22 

16 

00 

1  25 

99 

A.  43 

1. 

12 

1.  64 

1.  2ft 

15 

00 

1  20 

.  95 

1.  41 

1 

18 

1.  61 

1.  24 

20 

00 

1  20 

.  97 

A .  30 

1 

89 

1.  48 

1.  2P 

25 

00 

1  21 

1.  00 

.1.14 

.1 

12 

1.  29 

1.  17 

30 

00 

1  28 

.  99 

.1 .  1 3 

1 

10 

1.  16 

1.  13 

35 

00 

X  X? 

1.  0T3 

A  ■  3H 

1 

22 

1,  26 

1.  19 

40 

00 

1  19 

1.  09 

A  •  66 

.1 

40 

1.  47 

1.  32 

45 

00 

1.  31 

1.  15 

1.  91 

1 

S3 

1  67 

1.  48 

50 

00 

1.  49 

1.  ?< 

A  ■  96 

1 

59 

1  76 

1.  49 

55 

00 

1  GB 

t.  29 

1.  75 

.1 

52 

X\  60 

1.  47 

50 

00 

.1  83 

1.  37 

A  ■  35 

i 

4.1 

1.  45 

1.  42 

55 

00 

1.  84 

1.  43 

A.  21 

1 

42 

1  28 

1.  36 

70 

00 

1  78 

1.  42 

A  -  97 

1 

84 

1.  23 

1.  37 

75 

00 

X.  46 

1.  34 

3.  37 

2 

74 

1  48 

1.  49 

00 

00 

1 .  29 

1.  30 

5.  40 

3 

06 

1.  62 

1.  ft  4 

05 

00 

1.  53 

1  4  3 

7.  63 

4 

73 

1.  45 

1.  77 

90 

00 

2  16 

X.  89 

I;.  34 

5 

23 

1.  16 

2.  84 

ti>>, 

00 

.3.  86 

;>.  57 

?.  09 

5 

.10 

2  11 

3.  .10 

00 

00 

4  n 

3.  33 

4.  55 

4 

6d 

4  88 

5.  27 

05 

00 

4.  85 

3.  91 

2.  66 

3. 

09 

11.  48 

0.  00 

1  0. 

00 

4.  <K> 

4.  20 

2.  10 

3. 

9  V 

29.  45 

10.  65 

.1  5 

00 

4  28 

4.  26 

3.  01 

6 

25 

130.  63 

13.  19 

*  0 

00 

3.  51 

4.  50 

.12.  .16 

.12 

15 

16.  91 

00 

3.  71 

6  25 

57  76 

19 

63 

tfffittttf 

22.  16 

:<0 

00 

7.  34 

18  41 

♦  ♦ff.cr.if  ft 

26 

.33 

♦♦♦♦♦♦♦♦♦♦ 

27.  92 

35 

00 

28  4  6 

16,  4  5 

♦♦♦ r r f iff f 

32 

31 

♦♦*♦♦♦♦♦♦♦ 

33.  4  3 

40 

00 

9.1  35 

22.  63 

♦♦♦♦♦♦if «f 

37 

61 

♦♦♦t»fttf$ 

38.  40 

45 

00 

»*»♦$*»»$* 

28  4  7 

♦♦♦♦♦srtff 

4  2 

62 

umitm 

43  11 

50 

w 

33.  09 

♦>♦♦*♦♦♦ r ♦ 

4  6 

89 

♦♦»»♦♦♦♦♦♦ 

47  35 

55 

0X4 

30.  92 

51 

37 

♦♦♦»♦♦$«*♦ 

51.  61 

50 

00 

♦♦♦♦♦♦♦♦♦♦ 

43  71 

♦  ♦♦♦♦fir  ft 

95 

53 

55.  64 

55 

00 

mmkmm 

47.  00 

♦♦♦♦♦♦♦♦ft 

50 

55 

♦mmm 

58  62 

70  500 

mmmi 

51  55 

ft fttttfSf 

6.1 

50 

60  89 

75 

00 

mimm 

55  33 

♦♦♦♦♦ rttf f 

64 

07 

63  89 

«I0 

00 

♦♦♦♦♦♦♦♦»♦ 

59  13 

♦♦♦*♦.1.1  f*t 

60. 

66 

mumn 

68  27 

05 

*00 

♦♦♦♦♦♦♦♦♦♦ 

62  93 

♦  ♦♦♦miff 

72 

73 

72  84 

>10 

00 

Mmmt) 

65  94 

♦♦♦♦♦♦.iff  f 

76. 

.19 

♦»♦♦♦**$♦♦ 

77  58 

95 

00 

78  55 

♦♦♦♦♦«♦♦♦ r 

02 

09 

♦♦♦♦♦$*♦♦♦ 

80  51 

00 

00 

#»»»»»*»»» 

72  70 

♦ ♦♦♦♦♦♦♦♦♦ 

77 

94 

♦♦»♦♦♦♦♦♦♦ 

80  19 

05 

00 

78  23 

♦♦♦♦♦»■♦♦♦  r 

02 

00 

♦♦♦♦♦ftttf 

81  93 

t0 

00 

79  50 

♦*♦♦♦♦ ♦♦ tt 

('4 

55 

♦♦>»♦♦♦♦♦♦ 

8*  27 

15 

00 

mtmm 

83  22 

♦  »***•* ft** 

0< 

45 

♦♦♦♦♦tVftt 

05  45 

1-99 


FREQ  MHZ 

VSWR 

QF-il 

LOSS  DP 

V?iWR 

«f  ••  1 2 

LOSS  OB 

VSWR 

QF-16 

LOSS  l>» 

29 

<ns 

Mtmmt 

93.  91 

01.  52 

mnniM 

00.  34 

23 

09 

»»»»»»»*** 

82.  4S 

murna 

?0.  £4 

rnttmit 

?9.  06 

39 

99 

93.  Z3 

?f»  80 

Hmnm 

9ft.  49 

33 

80 

96.  39 

06  46 

mHffm 

04.  39 

49 

99 

89.  81 

04.  65 

01.  43 

45 

99 

68.  16 

05  88 

rntmitt 

01.  66 

50 

90 

91  63 

06.  8£ 

01.  06 

1-100 


ton 


Di:  9  1)1  1ER 

tiOI.  l>  l-  ft  T  t 


t:RLQ  MHZ 


POST  HUM  It)  11V  £>l  A  i 
l OSS  DB 


OO  0  0 

138.  56 

96  4  7 

05  00 

121  35 

79  63 

to  00 

105.  84 

76.  7 '-■ 

AS  00 

.18?  38 

88.  66 

?0  00 

103  ?6 

7b.  A  6 

'•  *1  00 

35  5? 

73.  99 

;<  0  o  o 

93  56 

71.  07 

;<:>•  00 

96.  -12 

68.  1  6 

AO  00 

98  ;>:< 

65.  97 

<IA>  00 

87  32 

64.  63 

* « ft  ft  ft 

79  <9 

63.  53 

' , C*  -M 

7  3.  5 6 

59  66 

£■,  5ct  *?t  vt 

74  56 

56.  86 

(>*.'»  ft  ft 

73  59 

54.  73 

*/  »’it  ^  'ft 

63.  1  3 

51.  13 

/li.  *5*3 

56.  72 

47.  66 

>:  ft  ft  ft 

49  <10 

44.  Vi  t 

</.;»  ft  ft 

46  4  2 

48.  3  0 

ft  ft  33 

4  0  1  1 

35.  97 

95  39 
ft 

rtV-  ft  ft 
.1  ft  ft  ft 
1  \t  ft  ft 


3- ft  '  ft  ft 

;< v«  ft  ft 


S :»  *  »* 

r.  ^  w-i  »> 


,**..«  ft 
ft  *1  ft 
9 'ft  ft  ft 
ft  ft  ft  ft 
it*  •  ft  3 
1  ft  ft  ft 
1  *.i  ft  A 
y  ft  ft  ft 

ft  V  •  ft  ft 
'<ft  ft  ft 

■<  - .  ft  ft 
a  ft  ft : ' 

iv.  ft  ft 

•yft  ft  ft 
SV-  ft  ft 


3.4  (  ••  '.' 

?  .  'i  v 
AG  35 

/  ;>7 


19  0-1 
AO  V •-• 


> 

7/ 

4  05 

4 

<<3 

5.  93 

5. 

62 

5  90 

4 

31 

4.  V  5 

71 

3.  2  3 

.1 

6« 

2  .'  7 

5 

07 

A.  65 

A 

;>5 

1  .  '  4 

A 

34 

1  .19 

A 

2  7 

A  4 .7 

A 

A  A 

A.  3  A 

.1 

06 

a.  :  '< 

A 

■>  •» 

A  .  .  :• 

A 

>6 

.1  '  9 

A 

44 

A  -1  A 

A 

4< 

A  3  9 

1 

36 

.1  3  i 

1 

75 

A  70 

A 

A  2 

A  A  6 

A 

05 

A  :  6 

A 

A  4 

1,  A  6 

A 

75 

A  A  v 

A 

34 

.1  A  5 

.1 

4 1 

A  A 

A 

•15 

1  7  0 

A 

4  7 

A  <  3 

A 

4  5 

1  70 

A 

42 

3  A  5 

.1 

.  36 

A  1  4 

Posy  y 

#// 


f<t.Q  MM2 

VSWR 

LOSS  !>B 

63 

1.  ft  9 

1.  10 

65 

.1  25 

1.  03 

73 

$<< 

1.  21 

1.  09 

?ft. 

.1  28 

1.  0/ 

at* 

1.  22 

i.  0/ 

e:  j 

1.  26 

1  00 

9ft 

i.  it 

i.  09 

9  Vi 

CiiH 

1 .  84 

1.  1ft 

0(1. 

*<1 

1  36 

i  12 

ft  Vi 

i.  :?4 

1.  18 

1ft 

«*& 

1  fti 

i.  10 

IV. 

to  to 

1  25 

1.  86 

20 

toto 

.1  2* 

1.  34 

.'-'V. 

to  to 

11/ 

i.  07 

ft  ft 

toto 

116 

1.  04 

ft  ft 

to  to 

18 

i.  10 

4  3 

toto 

1  18 

1  16 

•1 V, 

to  to 

116 

1  1ft 

‘.-ft 

to  to 

.1  13 

i.  .16 

■  1 

to  to 

1  1  3 

1.  18 

(.ft 

(4  to 

1  2i 

1.  2ft 

•r.'.i 

to  to 

.1  ft? 

1.  ft* 

V  ft 

to  to 

1.  45 

1  38 

vv- 

toto 

1  52 

1.  44 

:tft 

to  to 

1 .  48 

.1.  4ft 

■*» . » 

to  to 

1 .  fti 

1.  -13 

9ft 

to  to 

1  86 

1.  4  2 

8ft 

toto 

1  ft  6 

1  ft  9 

ft  ft 

to  to 

1  88 

2.  13 

ftt. 

to  to 

2  68 

8.  3? 

.1  ft 

to  to 

ft  ft  8 

ft.  66 

1  ft 

to  to 

1  18 

4.  :  i 

2  ft 

to  to 

4.  25 

4.  66 

2 

to  to 

ft  8ft 

4.  87 

ft* 

to  to 

ft.  ft6 

ft.  39 

ft’  ’.  * 

to  to 

ft  43 

7.  11 

1ft 

to  ■: 

ft.  J  8 

18  96 

1 .. 

to  to 

9  1ft 

16.  6ft 

;  ■  ft 

1  to 

14.  80 

22.  63 

ft  ft 

to  to 

22  ft  5 

28.  4  2 

(■ft 

to  to 

ft  8  11 

ftft.  3ft 

(  ft 

to  {< 

ft 8  86 

38.  67 

('ft 

to-  to 

4/  84 

4ft.  4  0 

'  •  « 

(  .« 

(■%  to 

ft  4  2ft 

4?.  3  8 

to  to 

ft  9  02 

51.  98 

to  to 

69  01 

ftft.  46 

: '  (1 

to  to 

68  61 

59  02 

;l\, 

to  to 

1 6  6  Vi 

02.  30 

vl  .-1 

to  ' 

84  ftB 

65.  19 

*V.» 

to  to 

«tt  27 

66.  89 

1  0 

to  to 

8?»  19 

70.  8.1 

1  *. 

to  to 

8ft  ft 8 

?fc.  89 

1-105 


S/a/  // 
Post 


7-0/  1 

_ J 


t'KEQ  HH2 

VSMK 

LOSS-  !>!S 

Oft.  55 

<•2  f>.< 

00  1? 

78.  1  ft 

^  fl  tft  ^ 

06  02 

Oft.  5? 

35  ft? 

Oft.  ?9 

89  15 

Aft  ft? 

81  ftS 

85.  3ft 

A  V.  ftft 

7?  ?6 

79.  :?a 

Vi  ft  lift 

74.  ft  5 

??.  V 

s/a/JJ 

fas*  /4^/v, 

3**  Z 


1-106 


•/••i.  oi.'  : ; i) 

MOLDED  Si: 


fin  e.r 

GOLD  PLATE 


POST  HUAI OI TV  GP16 


PRE8  AH? 

VSHR 

LOSS  08 

00  00 

lie.  85 

81.  23 

■05.  03 

96.  98 

78.  21 

10.  03 

98  87 

76  68 

15  00 

82.  21 

76.  551 

'20  00 

81  92 

71  9? 

'23  0i-1 

75  49 

69  89 

33  00 

69.  16 

65.  69 

■35  03 

71  38 

63.  95 

4  0  00 

66  42 

61.  75 

•ir  00 

62.  34 

59  4  3 

V'0  00 

53  ye 

56.  5? 

55  00 

46  41 

53.  04 

‘  (.  C4  ^  ft 

41  52 

49.  V  I 

’v*?j 

36.  86 

46.  41 

'78  00 

29  53 

42  58 

75  00 

24.  84 

38.  26 

'30  00 

18.  86 

33.  71 

i:V.  C«:> 

13.  32 

2G.  62 

v< 

8.  45 

23  81 

r‘V* 

4  84 

17.  51 

00  00 

3  88 

13.  36 

03  00 

5  88 

11.  14 

.10  00 

6.  B4 

9  51 

13  00 

5.  38 

7.  58 

9  0  00 

3  38 

5.  1  V 

.*‘l  ‘.'I  ("T  *i 

2.  89 

3.  25 

[<&  ihb 

1  26 

2.  19 

y  *  »  iA  -A 

1  28 

1.  04 

^  >A  A  -A 

.1  34 

i.  V*  \i 

a  :;•»  a 

1  38 

1.  38 

f.iv<  'A  *i 

1  1  6 

1.  4  9 

iftVS 

1  88 

1.  44 

50  00 

1.  22 

1.  4  3 

55  00 

1  36 

1.  49 

V'0  00 

1  40 

1  33 

;  •  *  »  a  'a 

1  4  8 

.1.  33 

■30  00 

1  44 

1  4  7 

‘  t  ‘  1  •>» 

1.  39 

1  4  2 

:<il  A  A 

1  35 

1.  38 

<f  \  t  A  kA 

1  36 

1.  32 

00  0'0 

1  42 

1.  31 

Ci  \  i  A  Cl 

147 

1  34 

!t  *A  A  ;> 

1  M 

1  23 

S  V*  A  A 

1  51 

.1  31 

:  *(4  & »;« 

1  4  7 

1.  29 

>3  Ci0 

1  41 

1.  23 

30  0  0 

1  34 

1  23 

.<*1  Vli/i 

1  28 

1  91 

■10  00 

1  25 

1  2  \ 

•15  00 

1 .  25 

1.  90 

y.a  *iiti 

1  28 

1  19 

35  00 

.1  31 

i  r  a 

b/4 

I  of  3 


1-707 


f  ki  :j  in; 


vsnk 


LOSS  ;V> 


65* 

0*1 

1 

;<:< 

i  ;■  a 

0\i 

00 

A 

;<  jr 

A  :•:•■> 

/0 

00 

A 

:<d 

A  A  5» 

Y5 

00 

1 

A.  A  V- 

00 

1 

.1  9 

A.  A-1 

00 

.1 

10 

1.  A  f. 

Vi  VI 

A  . 

Hi 

A  A  5 

00 

A 

A  0 

1  AS 

>00 

00 

A 

;>i 

a 

00 

A 

r<4 

l. 

•  AC* 

00 

1 

le¬ 

1.  29 

i  % 

00 

A. 

ss 

a  >  t 

'.-•  ;* 

0  0 

A 

c.;* 

A..  • 

•*>  a. 

00 

A 

64 

A.  4? 

10 

00 

A 

fci 

A.  ;i:'f 

00 

A 

\,7 

A  3  V 

00 

A 

53 t 

A.  4? 

•♦ s 

00 

A  . 

54 

1  <ts 

'.'0 

00 

A 

5? 

A. 

*j  1  ; 

00 

A 

f.e 

1  54 

V*  0 

0  0 

A 

‘;,0 

1  S'. 

f  .  *  . 

00 

A 

■A  9 

A  S4 

7  0 

00 

A 

34 

1.  SB 

/  * . 

00 

A 

;?5 

i.  i;< 

5  •  v 

00 

A 

:?e 

i.  sv 

n  ' . 

00 

A 

4? 

A  -  f 

;J0 

00 

A 

•1 A 

A  5‘d 

?/S 

0  \  1 

A 

?6 

■i  A  A 

00 

00 

A 

<.;• 

?..  B  Y 

0S 

00 

f 

0A 

<1  5  7 

A  0 

0  0 

i: 

,-e 

C.  ?-•! 

.1  *. 

00 

V 

;>9 

.9  •■!  < 

:i 

li  0 

A  5 

s? 

a.  i  ■!  ;■• 

;•  S 

0  0 

;>-i 

A  A 

A  4 

>:  0 

00 

<f 

:<e- 

A 9  if,' 

00 

\,< 

/:< 

,?5  '.M 

*10 

0  0 

60 

'.-4 

:<a  :  < 

•1  S 

*.’•  0 

As  6 

40 

;<f.  S' 

*  »  0 

0  1 

9  4 

d9 

41 

S‘, 

■0  0 

Ad? 

51 

•AS  9S 

t.  -;1 

0  '■< 

‘V 

A  2 

50  A  A 

V  i  'j 

00 

A  05 

8  6 

S3  8  -* 

<"  0 

00 

A  09 

1  4 

5  /  *(  ' 

if’S 

0  0 

A  A  5 

if/ 

6  A 

0  0 

A  A  .? 

{? 

64 

00 

A  ?  <’ 

5? 

€.  <•  A  1 

00 

1  1  A 

■10 

69  A  , 

00 

A  A  9 

if  9 

/;•  v-s 

00 

0  0 

A  A  / 

■1 9 

/A 

<1*. 

00 

AH’. 

4/ 

/0  •' 

.1  0 

00 

A  .-'0 

<«? 

7  <  , 

IS 

00 

Add 

9? 

<'9  <i  , 

Post 


iQi-ry 


1-108 


e  **  3 


r  re  a 

1M7 

VSMR 

LOSS 

t>8 

;j5 

Mf> 

161. 

(>i 

?:<. 

85 

tU< 

181 

1  1 

78. 

05 

<  a 

80 

.180 

88 

85. 

18 

88 

8? 

2? 

85. 

56 

4{» 

(10 

B.f. 

.it  8 

83. 

74 

■1  v. 

88 

76. 

78 

77. 

55 

50 

86 

7? 

81 

78 

56 

Pcsr 


^ I Oi  v</ 


#/4 


1-109 


3  of  3 


APPENDIX  J 


CDRL  A003 

Code  Ident  0543 

M-24-6-866 


APPENDIX  J 

GENERAL  ELECTRIC  INJECTION  MOLDED  RESIN 
SPECIFICATIONS  -  VALOX  420  SEO 


J-i 


VALOX  400  series  —  The  highest  heat  resistance  plus 
a  complete  range  of  glass  reinforcement  from  15% 
to  40%  and  UL94  V-0. 


VALOX  400 

Family 


Property 

Units 

Test  Method 

VALOX 

420 

(30%  Glass 
Reinforced) 

VALOX 
DR-51 
(15%  Glass 
Reinforced) 

VALOX 

414 

(40%  Glass 
Reinforced) 

VALOX 

420-SK) 

(30%  Glass  Rein¬ 
forced  and  (A 
94V0 

Recognized) 

VALOX 

DR-48 

(1 5%  Glass  Rein¬ 
forced  and  Ul 
94V© 

Recognized) 

VALOX 

459 

(30%  Gb»  Rein¬ 
forced  and  UL 
94V-0 

Recognized) 

Specific  Gravity,  73°F 

D792 

1.53 

1.41 

1.60 

1.62 

1.53 

1.70 

Specific  Volume 

cu.  in./lb. 

18.2 

19.7 

17.3 

17.2 

18.7 

16.3 

Water  Absorption,  73°F 

% 

D570 

0.06 

0.07 

0.06 

0.07 

0.07 

0.07 

Equilibrium 

0.26 

0.30 

0  36 

0.25 

0  30 

0.25 

Mold  Shrinkage 

in. /in.  x  10  1 

Flow  Direction 

4-6" 

6-8*** 

3-5** 

4-6*  * 

6-8*** 

4-6" 

Cross  Flow  Direction 

6-8 

8-10 

5-7 

6-8 

8-10 

6-8 

Tensile  Strength 

psi 

D638 

17.300 

13  000 

19,000 

17.000 

13,000 

18.000 

Elongation  at  Break 

% 

D1708 

3 

5 

3 

3 

5 

3 

Flexural  Strength 

psi 

D790 

27.500 

20.000 

30.000 

27.000 

21.000 

27.000 

Flexural  Modulus 

psi 

D790 

1.100,000 

6  "’0.000 

1.300.000 

7,100,000 

730.000 

1,200.000 

Compressive  Strength. 

psi 

D695 

10%  Def 

18.000 

15,000 

18.000 

18.000 

15,000 

18.000 

Shear  Strength 

psi 

D732 

6.900 

8000 

8600 

9,000 

8,000 

9.000 

l?od  Impact  Strength 

ft  Ib./in. 

D256 

Notched 

18 

1.1 

2.2 

1.3 

1.0 

1  5 

Unnotched 

150 

100 

18.0 

130 

10.0 

11  0 

Cardner  Impact 

ft  lbs. 

Falling  Dart 

— 

— 

— 

— 

— 

— 

Chemical  Resistance 

Excellent 

Excellent 

Excellent 

Excellent 

Excellent 

Excellent 

Coefficient  of  Friction, 

D1894 

Self 

0  16 

0.17 

— 

0.16 

0.17 

0.16 

Metal 

0  14 

0.14 

— 

0  14 

0  14 

0  14 

Rockwell  Hardness.  R  Scale 

0785 

f  78 

118 

117 

119 

118 

119 

Tabor  'Vbrasion,  CS-17 

mg/1000  cycles 

D1044 

wheel  1000  gm  load 

19  0 

12  0 

26  0 

22.0 

17.0 

190 

Heat  Deflection  Temp 

°F 

D648 

66  psi 

420 

410 

420 

420 

410 

420 

264  psi 

405 

375 

390 

400 

360 

400  l 

Coefficient  of  Thermal 

Expansion 

in  /in  /°F  x  10  * 

D696 

Range  -30°C  to  *  10°C 

(  -  22  °F  to  <-86°Ft 

Mold-direction 

1  5 

2  5 

1.5 

14 

2  2 

1  4 

Cross  mold-direction 

4  3 

4  1 

4.0 

4.0 

4.0 

Flammabilityt 

in. /min 

D635 

1  1 

1  3 

0 

0 

0 

(i  01)28 

UL94 

94MB 

94HB/0  0>H 

94  V- 0 

94V- 0 

94V-  0 

Volume  Resistivity 

ohm  f  m  x  10,f 

D2S7 

3  2 

3  3 

3  4 

3  6 

3.4 

Dielectric  Strength.  7 1  °f  DAM  1 

volts/mil 

D149 

short  time.  1/16" 

MO 

590 

.Jan 

610 

6  SO 

bOO 

short  time,  1/8 

475 

500 

552 

490 

480 

470 

t  50°F,  50%  R.H 

470 

410 

520 

420 

400 

500 

250° F  S0%  R.H 

450 

410 

520 

415 

350 

500 

Dielectric  Constant 

D1S0 

100  HZ 

1  8 

1  6 

3.8 

3.8 

3  6 

38 

10*  HZ 

3  7 

3  4 

3  7 

37 

3  4 

37 

Dissipation  Factor 

D1  SO 

100  HZ 

0  002 

n  002 

0  002 

0  002 

0  002 

0002 

10*  HZ 

0  02 

0  02 

0.02 

0.02 

0.02 

002 

Arc  Resistance 

sec 

0495 

146 

129 

— 

28 

28 

123 

High  Voltage-Arc 

Tracking  Rate,  1  16" 

in  /min 

t  •  74hA 

0  9 

09 

— 

116 

21  0 

7  7 

High  Ampere  Arc 

ignihon.  1  16" 

No  of  arcs 

U1  746A 

112 

112 

— 

200- 

200- 

71 

Comparative  Track 

Index  tCTI >  1  0 

Volts 

I'l  74hA 

600  > 

355 

— 

185 

235 

270 

Hot  Wire  Ignition  1  16 

SPC 

11  7 46 A 

68 

16 

— 

34 

20 

30 

U  L  Temperature  Index 

1  1h 

Ul  746B 

Elec  Properties 

140 

1  TO 

— 

130 

120 

130 

Mecb  Properties 

w  wo  Impact 

140  140 

1  10  1 40 

i  ion  40 

120  140 

1  10140 

t  This  ratio#  is  not  intended  to  «»<!•*<  t  hazards  presented  bv  this  or  anv  other  material  under  actual  tire  sondittons 
•  In  thin  walls  IOWS  to  004 1  i  it  «s  suggested  tr  use  h  TO  mils  m  shrinkage 

•  •In  thm  walls  (002*1  to  0050  I  it  is  suggested  to  use  I  4  mils  m  shrinkage 

•  •In  thin  walls  n  is  suggested  to  use  4  f>  mils  m  shrinkage 
t  Dry  As  Molded 
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The 

VALOX300 

Family 


VALOX  300  series  —  A  complete  line  of  unreinforced 
thermoplastic  polyester.  All  are  designed  for  fast,  easy 
processing,  surface  gloss  and  superior  lubricity.  And 
the  line  includes  a  UL94  V-0  grade  along  with  the  only 
super  high  impact  PBT  available  today. 


Property 

Units 

Test  Method 

VAIOX  325 
(Unreinforced) 

VAIOX  310-SEO 
(Unreinforced  and 
UL  94V-0 
Recognized) 

VALOX 

326 

Unreinforced 

Impact 

Modified 

PBT 

VALOX 

340  341 
Unreinforced 

High 

Impact 

PBT 

Specific  Gravity,  73°F 

D792 

1.31 

1.41 

1  28 

1  25/1  26 

Specific  Volume 

cu.  in. /lb. 

21.2 

19  7 

21  6 

22  1/22.1 

Water  Absorption.  73°F 

% 

D570 

24  hours 

0.08 

0  08 

008 

0  08  0  08 

Equilibrium 

0.34 

0  38 

0  50 

— 

Mold  Shrinkage 

in. /in.  x  10  5 

17-23* 

17-23* 

20-21* 

20-21/17-18 

Tensile  Strength 

psi 

D638 

7,500 

8,500 

7.000 

6.500/6,500 

Elongation  at  Break 

% 

D1708 

300 

80 

300 

175/175 

Flexural  Strength 

psi 

D790 

12,000 

14,700 

12.000 

10.500/11,000 

Flexural  Modulus 

psi 

D790 

340,000 

380.000 

310,000 

275.000/290,000 

Compressive  Strength. 

psi 

D695 

10%  Def 

13,000 

14.500 

- — 

— 

Shear  Strength 

psi 

D732 

7.700 

7  700 

7.100 

5  300  5  300 

Izod  Impact  Strength 

ft.  lb. /in. 

D256 

Notched 

1.0 

0.7 

IS 

16/12 

Unnotched 

NB 

NB 

NB 

NB/NB 

Gardner  Impact 

ft.  lbs 

Falling  Dart 

30 

25 

22 

40/40 

Chemical  Resistance 

fxcellent 

Excellent 

Excellent 

Fxcellent 

Coefficient  of  Friction. 

D1894 

Self 

017 

0  16 

018 

0  16/017 

Metal 

0  13 

0.14 

0  1 3 

0  18/0  15 

Rockwell  Hardness,  R  Scale 

D785 

117 

120 

114 

113,113 

Tabor  Abrasion.  CS-17 

mg/1000  cycles 

01044 

wheel.  1000  gm  load 

9.0 

14. n 

160 

37  0  22  0 

Heat  Deflection  Temp. 

®F 

D648 

66  psi 

310 

325 

— 

250/260 

264  psi 

130 

160 

150 

160/135 

Coefficient  of  Thermal 

I 

Expansion 

in./in  /°F  x  10  ' 

D696 

Range:  -30°C  to  ~30eC 

(  -  22°f  10 

Mold-direction 

4  0 

3  6 

— 

60  5  4 

Cross  mold-direction 

4.1 

3.6 

6  5  5  7 

Flammabilityt 

in. /min. 

D635 

1.0 

0 

-  ' 

@  0  028 

UL94 

94HF3 

94  V -0/0  028 

94HB/94HB 

Volume  Resistivity 

ohm  cm  x  10,f 

D257 

4.0 

4  0 

1  4 

0  38*0  1  3 

Dielectric  Strength,  7  3°F,  DAM  t 

volts/mil 

D149 

short  time,  1/16" 

590 

560 

517 

570/ 590 

short  time.  1/B 

400 

470 

380 

350  380 

150°F,  50%  R.H 

400 

375 

190 

400  380 

250°F,  50%  R.H. 

400 

340 

420 

420  400 

Dielectric  Constant 

D150 

100  HZ 

3.3 

3  3 

3  1 

3  3  3  2 

10s  HZ 

3.1 

3.1 

30 

3  13  0 

dissipation  Factor 

D150 

100  HZ 

0.002 

0  003 

0  005 

0  004/0  002 

108  HZ 

0.02 

0.02 

0  02 

0  0  3 '()  02 

Arc  Resistance 

sec 

D495 

184 

63 

1  35 

146/129 

High  Voltage-Arc 

Tracking  Rate,  1/16" 

in. /min. 

Ul  746A 

1.0 

21  0 

— 

0.3/ 1.0 

High  Ampere  Arc 

Ignition,  1/16" 

No  of  arcs 

Ul  746A 

200  • 

200  -* 

— 

200  ♦  /200  + 

Comparative  Track 

Inde*  (CTII  1/8" 

Volts 

Ul  746A 

600  • 

185 

— 

600  *  /600  * 

Hot  Wire  Ignition,  1/16" 

sec. 

Ul  746A 

13 

20 

— 

19/13.0 

U.L  Temperature  Index 

°C@  vd  6 

Ul  746B 

Elec.  Properties 

120 

120 

— 

120/1 20 

Mech  Properties 

w/w-o  Impact 

120/140 

120d40 

140/140 

t  This  rating  is  not  intended  to  reflect  hazards  presented  by  this  or  any  other  material  under  actual  tire  conditions 
•  In  thin  walls  (0  02V  to  0  045  ’)  it  is  suggested  to  use  6-10  mils  in  shrinkage 
•  •  In  thin  walls  (0025"  to  0050")  it  is  suggested  to  use  3-4  mils  in  shrinkage 
•  ••In  thin  walls  it  is  suggested  to  use  4-6  mils  in  shrinkage 
t  Dry  As  Molded 
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CDRL  A003 

Code  Ident  0543 

M-24-6-866 


APPENDIX  K 

SHIPLEY  PLATING  SOLUTION  SPECIFICATIONS 


SHIPLEY 


CATAPOSIT®  44 

A  Unique  Catalyst  for  Plating  on  Plastic 


CATAPOSIT  44  TAKES  ADVANTAGE  OF  MAJOR  NEW  TECHNOLOGY  THAT  ALLOWS  HEATED 
BATHS  TO  GENERATE  IMPORTANT  SAVINGS  FOR  YOU! 


HEATED 

CATALYST 


REPRINTED  WITH  PERMISSION  OF 
SHIPLEY  COMPANY 


AND  CATAPOSIT  44  CATALYST  SYSTEM  WILL  PRODUCE  BETTER  PLATED  PLASTIC 
PARTS! 

These  major  benefits  are  due  to  the  fact  that  1 25,000  times  more  colloids  are  working  for  you. 
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44  POP 


DESCRIPTION 


FEATURES 


BENEFITS 


YIELD 


CATAPREP 

505 


CATAPOSIT 

449 


CATAPOSIT  44 

CATAPOSIT  44  Catalyst  for  plating-on-plastics 
was  especially  developed  to  reduce  costs  and 
produce  better  work  more  profitably.  Its  unique 
characteristics  differ  from  all  other  tin-palladium 
catalysts  that  are  on  the  market  today.  CATAPOSIT 
44  Catalyst  is  characterized  by  extremely  small 
colloids  that  penetrate  into  the  smallest  micropores 
of  the  etched  plastic  substrate  .  No  other  catalyst 
can  equal  this  performance  .  These  minute  colloids 
are  strongly  adsorbed  onto  non~conductive  surfaces 
resulting  in  uniform  coverage. 

■  Better  Adsorption  to  Etched  Plastic.  The  size  of 
CATAPOSIT  44  colloids  creates  many  more 
anchor  points  and  also  provides  stronger  anchors. 

■  No  Volume  Growth.  When  operated  as  specified . 

•  Selective  Plating.  Broad  tolerances  for  non- 
plating  on  plastisol  racks  or  stop-off  paint,  even 
with  electroless  copper. 

■  Greater  Yield .  Resulting  from  elevated  tempera¬ 
tures. 

■  Bath  Stability .  At  120°F  the  unique  qualities  of 
CATAPOSIT  44  Catalyst  enables  you  to  derive 
the  many  benefits  of  a  heated  bath. 

■  Minimum  Pal  ladium  Waste  .  Less  drag-out .  No 
silvery  film  formation.  No  volume  growth. 

■  Non-corrosive,  Non-fuming,  Non-volatile. 

■  Steady  State  Operation  .  CATAPOSIT  44 
Catalyst  System  can  be  operated  for  months,  even 
years . 

When  CATAPOSIT  44  bath  is  operated  at  2% 
strength  at  120°F,  replenishment  yield  per  gallon  of 
CATAPOSIT  44  concentrate  will  be  in  excess  of 
10,000  sq.  ft.  of  work  surface  . 

CATAPREP  505  is  used  in  conjunction  with 
CATAPOSIT  44  Catalyst  to  maintain  normality  of 
the  bath  .  In  addition,  CATAPREP  505  acts  as  a 
chrome  reducing  agent,  and  displaces  water  and  any 
other  contaminants  prior  to  entering  the  CATAPOSIT 
44  bath . 

CATAPOSIT  449  is  used  with  CATAPOSIT  44 
during  make-up  and  to  economically  replenish  tin 
losses  resulting  from  idle  baths  and/or  to  correct  any 
improper  replenishments  which  would  cause  the  tin 
(or  stannous)  content  to  drop  below  minimum  recom¬ 
mended  values . 


A  Reliable  Process 
for 

Plating  ABS 


ETCH  PM -940 


_ I _ I _  i 

i 

NEUTRALIZER  ! 


CATAPREP 

505 


CATAPOSIT 

44 


l 


ACCELERATOR 


CUPOSIT 
Electroless  Copper 
NIPOSIT 
Electroless  Nickel 


ELECTROPLATE 


SHIPLEY  COMPANY 


INSTRUCTIONS  FOR  USE 


CATAPOSIT  44 

Add  in  order  listed: 

To  make  100  Gallons 

%  by  Volume 

MAKE-UP 

Step  l 

—  Distilled  Water 

83  gals. 

83% 

Step  2 

-  CATAPREP  505 

10  gals. 

10% 

Step  3 

—  Mix  thoroughly 

- 

- 

Step  4 

—  Sodium  Chloride* 

175  lbs. 

1 .75  lbs./ 

Step  5 

—  Mix  until  dissolved 

- 

- 

Step  6 

-  CATAPOSIT  44 

2  gals. 

2% 

Step  7 

—  Mix  thoroughly 

- 

- 

Step  8 

-  CATAPOSIT  449 

0.5  gals. 

.5% 

CATAPREP  505 

Step  1 

—  Distilled  Water 

85  gals. 

85% 

MAKE-UP 

Step  2 

-  CATAPREP  505 

10  gals. 

10% 

Step  3 

—  Mix  thoroughly 

- 

- 

Step  4 

—  Sodium  Chloride* 

150  lbs. 

1  .5  lbs  ./g 

Step  5 

~  Mix  until  dissolved 

BATH 

CATAPOSIT  44 

CATAPREP  505 

OPERATION 

Temperature:  100°  to  120°F  +  5°F 

1 00*  to  130°F  is  best . 

Time: 

2  to  4  minutes . 

1  to  3  minutes . 

Work  Loading:  As  preferred. 

As  preferred . 

Agitation:  Agitate  the  work; 

Aerate  the  bath 

vigorously 

do  not  aerate . 

with  clean  air . 

BATH  CONTROL 
& 

REPLENISHMENT 


If  your  catalyst  bath  is  going  to  be  idle  for  more  than  a  week,  cover  it  with  a 
floating  cover  such  as  polyethylene  film  thereby  protecting  it  from  air. 

Maintain  CATAPOSIT  44  bath  between  70%  and  100%  bath  strength  by  replen¬ 
ishing  according  to  schedule  below.  Bath  strength  is  easily  determined  by  using 
Shipley  Comparator  or  Color  Standards.  The  CATAPREP  505  bath  can  be  readily 
controlled  by  specific  gravity  readings  and  replenished  from  the  schedule  below: 


I  CATAPOSIT  44 

CATAPREP  505  I 

Replenishment  for 

Cataposit  505  Cone. 

Sodium  Chloride* 

Bath 

2%  Cataposit  44 

Bath 

Specific 

addition  per 

per  10  Gals. 

Strength 

tsMEMsamsms 

Strength 

Gravity  at  60°F 

10  Gals,  of  Bath 

of  Bath 

100% 

none 

100% 

1 .133 

none 

none 

90% 

Add  60  ml  *44 

90% 

1 .120 

400  ml 

1.5  lbs. 

80% 

"  120  ml  " 

80% 

1.108 

800  ml 

3.0  lbs. 

70% 

"  180  ml  " 

70% 

1  .094 

1200  ml 

_ „ _ 

4.5  lbs. 

CATAPOSIT  449  is  used  at  make-up  and  when  stannous  chloride  level  in 
CATAPOSIT  44  bath  approaches  2  grams  per  liter.  1%  to  3%  CATAPOSIT  44 
baths  should  be  operated  between  2  to  6  grams  per  liter  stannous  chloride .  For 
each  gallon  of  CATAPOSIT  44  bath  the  addition  of  11  ml  of  CATAPOSIT  449 
will  raise  the  stannous  content  by  one  (1)  gram  per  liter. 

Step  1  —  Analyze  CATAPOSIT  44  bath  for  palladium  content  using  Shipley 
Comparator  or  by  Color  Standards. 

Step  2  —  Add  appropriate  amount  of  CATAPOSIT  44  concentrate  to  bring 
palladium  content  to  100%. 

Step  3  -  Analyze  (the  100%  palladium  content  CATAPOSIT  44  bath)  for 
stannous  chloride  content  “•see  AN  44  analytical  sheet. 

Step  4  —  Add  CATAPOSIT  449  to  raise  stannous  chloride  to  6  grams  per  liter. 

*  Important:  The  grade  of  sodium  chloride  used  is  very  important.  For  your  convenience  Shipley 
Company  supplies  a  grade  of  sodium  chloride  that  will  provide  you  with  the  quality  needed. 


ANALYTICAL 
PROCEDURE  for 
CATAPOSIT  449 
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CATAPOSIT  44 


FILTRATION 


PLATING-ON- 

PLASTIC 

PROCESSING 


For  best  results,  filtration  of  CATAPOSIT  44  bath  is  desirable.  Use  filters  of 
polypropylene  or  dyne  I  (5“10  micron  filter  porosity).  In-tank  filters  having 
filter  tube  cores  and  slow  pumping  rates  (3-5  turnovers  per  shift)  are  best  to 
prevent  introduction  of  air  into  the  system.  The  flow  should  be  adequate  to 
keep  the  bottom  of  the  tank  clear.  A  bottom  outlet  for  the  filter  is  preferred. 
Wash  filter  cartridges  with  dilute  HCl  and  Dl  water  prior  to  use. 

CATAPOSIT  44  Catalyst  System  can  be  used  instead  of  CATALYST  9F  in 
Shipley  plating-on-plastic  processes,  and  is  preferred  for  use  in  any  plating-on- 
plastic  line  using  tin-palladium  catalyst.  Use  CATAPREP  505  solution  as  the 
immediately  preceding  step  (instead  of  HCl).  Rinse  well  after  the  CATAPOSIT 
44  step,  and  then  immerse  the  work  in  a  Shipley  ACCELERATOR  for  the  length 
of  time  specified  in  the  applicable  Shipley  instruction  sheet.  Consult  your 
Shipley  Technical  Sales  Representative  to  determine  the  process  that  will  be  best 
for  your  operation . 


PROCESS  In  order  to  achieve  maximum  performance  CATAPOSIT  44  and  CATAPREP  505 

PERFORMANCE  should  be  run  in  conjunction  with  one  another.  If  circumstances  prohibit  the  use 
of  CATAPREP  505,  please  consult  your  Shipley  Technical  Sales  Representative. 


PRODUCT 

DATA 

Palladium  (approx.) 

Stannous  Chloride  (approx.) 

Specific  Gravity  at  70°F 

Acidity 

Flammability 

Color 


CATAPOSIT  44 

4.7  grams  per  liter 
210  grams  per  liter 
1.2 

acidic 

non-flammable 
dark  brown 


CATAPOSIT  449 

.  15  grams  per  liter 
350  grams  per  liter 
1.3 

acidic 

non-flammable 
dark  brown 


CATAPREP  505 


1.2 

acidic 

non-flammable 
pale  yellow 


SAFE  WARNING!  CATAPOSIT  44,  449  and  CATAPOSIT  505  are  corrosive  acid 

HANDLING  solutions.  They  are  harmful  if  swallowed.  Avoid  contact  with  skin,  eyes  and 

clothing.  Avoid  breathing  of  vapors.  Wear  chemicol  goggles,  rubber  gloves, 
and  acid  resistant  clothing.  Exercise  due  care  in  handling. 


CAUTION:  When  using  immersion  heaters,  failure  to  maintain  proper  volume 
level  can  expose  tank  and  solution  to  excessive  heat  resulting  in  a  possible 
combustion  hazard,  particularly  when  plastic  tanks  are  used.  Do  not  use  stain 
less  steel  heat  exchangers  or  immersion  heaters  of  titanium  or  zirconium. 


EQUIPMENT  Use  tanks  constructed  of  polyethylene,  polypropylene,  PVC,  Lucite  or  glass, 

and  racks  of  suitable  304” 3 16  stainless  steel,  or  racks  coated  with  polyethylene, 
polypropylene,  PVC,  Teflon  or  equivalent .  Important:  Do  NOT  use  racks  of 
iron,  steel,  aluminum,  magnesium,  lead,  zinc,  cadmium.  For  heating  use 
quartz  electric  immersion  heaters,  if  steam  or  hot  water  coils  are  used,  tantalum. 
Teflon  or  equivalent,  or  glass  are  recommended  in  that  order. 


STORAGE 


Store  in  dry  area  at  50°  to  90°F .  Do  not  store  in  direct  sunlight.  Seal  contciner 
when  not  in  use  .  In  case  of  spillage  flush  with  large  amounts  of  water. 


This  information  is  based  on  our  experience  and.  to  the  best  of  our  knowledge,  is  true  and  accurate.  However,  since  the  conditions  for  use  are 
beyond  our  control,  this  information  and  the  products  offered  are  without  warrants  or  guarantee  as  to  such  use.  Nothing  herein  shall  be  con¬ 
strued  as  a  recommendation  to  use  any  product  in  violation  of  any  patent  rights  All  sales  are  subject  to  our . Standard  Termsand  Conditions  of  Sale. 

£5  SHIPLEY  COMPANY. 
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The  Positive 
Approach 

The  Shipley 
P-T-H  Process 


Cuposit 

Cleaner-Conditioner 

1175A 


Preposit®  Etch  746 


Cataprep®  404 


Cataposit®  44 


Cuposit 

Electroless  Copper 


A  Proven 
Shipley  Process 

_ J 


CUPOSIT 
ACCELERATOR  19 

Accelerator  Used  in  the 
Shipley  P-T-H  Process 


Accelerator  19  is  a  key  step  in  the  Shipley  P-T-H  (through 
hole  plating)  Process.  Its  important  function  is  to  modify 
adsorbed  catalyst  to  allow  quick  and  uniform  metal  depo¬ 
sition.  Accelerator  19  promotes  strong  copper-to-copper 
bonds,  while  prolonging  the  electroless  copper  bath  life  by 
minimizing  drag-in  of  catalyst.  Accelerator  19  follows 
Cataposit  44  or  Catalyst  9F  in  the  Shipley  P-T-H  process. 


ADVANTAGES 

■  Assures  rapid  and  uniform  electroless  copper  coverage. 

■  Provides  for  strong  copper-to-copper  bonds. 

■  Prevents  voids  that  can  be  caused  by  over-aggressive 
acceleration. 

■  The  bath  is  highly  reliable,  particularly  when  operated  in  the 
steady  state  mode. 


REPRINTED  WITH  PERMISSION  OF 
SHIPLEY  COMPANY 


Shipley 


. . .  specialists  in  electroless  plating  processes 
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Bath 

Make-Up 


Add  1  part  of  Accelerator  19  concentrate  to  5  parts  of  deionized  water,  stir  until  bath  is 
uniformly  mixed. 


Bath 

Operation 


Bath 

Control 


Operate  the  bath  between  70  and  80°F.  Rack  boards  vertically  and  immerse  for  4  to  8 
minutes.  Part  agitation  is  recommended  using  3  to  5  strokes  per  minute.  Bath  loading 
should  not  exceed  2  square  feet  of  surface  area  per  gallon  of  bath.  The  work  must  be 
rinsed  in  coid  water  after  Accelerator  19  and  prior  to  electroless  copper  plating. 

The  Accelerator  19  bath  can  be  operated  in  either  a  Steady  State  or  batch  mode.  Steady 
state  operation  offers  maximum  reliability  while  batch  operation  is  simpler  and  also 
reliable  providing  the  bath  is  discarded  according  to  our  recommendations. 


STEADY  STATE  OPERATION 

Replenishment  can  be  based  on  square  feet  of  work  processed  or  bath  normality  analysis. 

A.  Work  Processed:  For  each  100  square  feet  of  surface  area  processed  per  gallon  of 
bath,  remove  20%  of  bath  volume  and  replace  with  fresh  make-up  as  per  schedule 
below. 

B.  Normality  Analysis: 

1.  Determine  normality  using  control  procedure  AN-19-N 

2.  Determine  replenishment  addition  per  schedule  below. 

3.  Prior  to  adding  Accelerator  19  concentrate,  remove  a  volume  of  bath  per  schedule 
below. 

4.  Add  Accelerator  19  rmncentrate  and  restore  bath  to  working  volume  with  deionized 


water. 

REMOVAL  AND  REPLENISHMENT  SCHEDULE  PER  100  GALLONS 


Bath  % 

Normality 

Bath  Removal 

Accelerator  19  Addition 

100 

0.26 

0  gallons 

0  gallons 

90 

0.23 

12  gallons 

3  gallons 

80 

0.20 

24  gallons 

6  gallons 

70 

0.17 

36  gallons 

9  gallons 

BATCH  OPERATION 

The  point  at  which  the  bath  should  be  discarded  can  be  determined  by  square  feet  of  work 
processed  or  analysis  for  dissolved  copper 

A.  Work  Processed:  Discard  bath  when  300  square  feet  of  surface  area  has  been 
processed  per  gallon  of  bath 

B.  Copper  Analysis:  Periodically  analyze  the  bath  for  dissolved  copper  using  control 
procedure  AN-19-Cu.  discard  bath  when  copper  content  exceeds  0  7  grams  per  liter. 


Product 

Data 


Accelerator  19  is  a  clear  water-based  acidic  solution. 


Handling 

Precautions 


Equipment 


Storage 


CHEMICAL  AND  PHYSICAL  PROPERTIES 

Specific  gravity  at  20/20°C.  (approx.)  1.0 

Color  water  white 

Flammability  non-flammable 

pH  (approx.)  <1 


WARNING!  Corrosive  acid  solution.  Harmful  if  swallowed.  Causes  burns.  Avoid  contact 
with  skin  and  eyes.  Avoid  breathing  of  vapors.  Handle  with  care.  Wear  chemical  goggles, 
rubber  gloves,  and  protective  clothing. 


The  recommended  material  for  tanks,  racks  and  accessory  equipment  is  non-pigmented 
polypropylene  or  polyethylene.  Racks  of  304  stainless  steel,  316  stainless  steel  and 
teflon-coated  may  also  be  used.  For  alternative  equipment  recommendations,  contact 
your  local  Shipley  Technical  Sales  Representative. 


Store  only  in  original  containers  in  a  dry  area  at  50  -  90°F.  Do  not  store  in  direct  sunlight. 
Seal  container  when  not  in  use. 


DETERMINATION  OF  TOTAL  ACID 
NORMALITY  OF  CUPOSIT  ACCELERATOR  19 
BATH.  CONTROL  PROCEDURE  (AN-19-N). 


DETERMINATION  OF  COPPER  IN 
CUPOSIT  ACCELERATOR  19  BATH. 
CONTROL  PROCEDURE  (AN-19-Cu). 


I.  PRINCIPLE 

A  sample  of  the  bath  is  titrated  with  sodium  hydroxide 

using  bromophenol  blue  indicator 

II.  REAGENTS 

1.  Sodium  Hydroxide.  0.10N.  standardized. 

2.  Bromophenol  Blue  indicator.  0.1%;  Dissolve  0.5 
gms.  of  indicator  in  500  mis.  of  water. 

III.  PROCEDURE 

1.  Pipette  5.0  mis.  of  ACCELERATOR  19  bath  into  a 
250  ml.  Erlenmeyer  flask  and  dilute  to  100  mis. 

2.  Add  bromophenol  blue  indicator  and  titrate  with 
sodium  hydroxide  (0.1N)  to  the  yellow-green  to 
blue-purple  endpoint 

IV.  CALCULATION 

Total  acid  normality  =  ml.  NaOH  Normality 
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I.  PRINCIPLE 

The  copper  is  determined  complexometrically  with 

EDTA  solution  using  an  ammonia  buffered  solution  at 

pH  10  with  PAR  indicator. 

II.  REAGENTS 

1.  EDTA0.05M;  Dissolve  18.61  gms  of  EDTA  disodium 
salt  in  water  and  dilute  to  1  liter.  Standardize  with 
copper  solution. 

2.  Ammonia  buffer,  pH  10;  Dissolve  70  gms  of  am¬ 
monium  chloride  in  water,  add  570  mis.  of  ammonia 
(S.G.  0.88)  and  dilute  to  1  liter. 

3.  PAR  indicator,  0.1%;  Dissolve  0  1  gm  of  4-  (2- 
Pyridylazo)-  resorcinol  in  water  and  dilute  to  100  mis. 

III.  PROCEDURE 

1.  Pipette  20  mis.  of  the  bath  into  a  250  ml  Erlenmeyer 
flask  and  dilute  to  50  mis 

2.  Add  25  mis.  of  ammonia  buffer  (pH  10)  and  10  drops 
of  PAR  indicator 

3.  Titrate  with  EDTA  (0  05M)  from  a  10  ml  burette,  until 
the  pink  color  rapidly  fades  to  yellow-green 

IV.  CALCULATION 

1  ml.  0.05M  EDTA  =  3  177  mg  Copper 

g/l  Copper  =  mis.  EDTA  x  Molarity  x  63  54 
Aliquot  (20  mis.) 


FOR  INDUSTRIAL  USE  ONLY 

This  information  is  based  on  our  experience  and  is.  to  the  best  of  our  knowledge  true  and  accurate  However  since  the  conditions  for  use  and  handling  of  the  products  are 
beyond  our  control,  we  make  no  guaranty  or  warranty  express  or  implied  regarding  the  information  the  use  handling,  storage  or  possession  ot  the  products  or  the  application 
of  any  process  described  herein  or  the  results  sought  to  be  obtained  Nothing  herein  shall  be  construed  as  a  recommendation  to  use  any  product  in  violation  of  any  patent 
rights  All  sales  are  subject  to  our  standard  Terms  and  Conditions  of  Sale 


SHIPLEY  COMPANY. 

2300  Washington  Street 
Newton,  Mass  02162  —  (617)  969-5500 
Regional  Offices:  Irvine.  Calif  (714)  556-0240 
Elk  Grove  Village.  III.  (312)  956-6550 
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CUPOSIT0  ELECTROLESS  COPPER  CP-70 


ELECTROLESS  COPPER  CP~70  is  the  first  commercially  available  Electroless 
Copper  for  plating  heavy  thicknesses  of  high  purity,  ductile  copper  onto 
conductive  or  non_conductive  substrates—  eliminating  the  need  for  electrolytic 
copper  plating  in  many  applications. 


ADVANTAGES 


Unlike  all  previous  electroless  copper  baths,  ELECTROLESS  COPPER  CP-70 
will  provide: 

(1)  At  least  two  bends  without  fracture  when  plated  over 
smooth  surfaces. 

(2)  Plating  rates  of  at  least  1  mil  thickness  in  four  hours. 

(3)  A  cyanide-free  solution. 

(4)  Bright  deposits. 

(5)  Excellent  solderability . 

(6)  Uniform  thicknesses. 

ELECTROLESS  COPPER  CP-70  offers  many  potential  applications  in:  Additive 
Printed  Circuits;  Hole  Only  Plating;  Electroforming;  Wave  guides;  Thick 
Film  and  Thin  Film  Circuits,  and  eliminating  the  strike  in  PTH  applications. 

PROCESSING  INSTRUCTIONS 


MAKE-UP 


OPERATION 


16  parts  Distilled  Water 

1  part  ELECTROLESS  COPPER  CP-70A 

2  parts  ELECTROLESS  COPPER  CP-70M 

Then  heat  to  120°  -  130°F  and  add: 

1  part  CUPOSIT  Z 
Bath  is  now  ready  for  operation. 


Fora  10-gallon  Bath 

8  Gallons 
1/2  Gallon 
1  Gallon 


1/2  Gallon- 


May  1969 


Operate  at  120°  +  2°F  (preferable),  otherwise  II5°F  minimum  to  130°F 
maximum.  Keep  temperature  constant .  Agitate  work  continuously  at  5  to 
10  strokes  per  minute.  Agitate  solution  by  mechanical  means  or  by  re¬ 
circulating  through  a  coarse  filter .  For  a  batch  type  operation,  plan  amount 
of  work  and  desired  thickness  (see  chart  on  reverse  side).  Discard  bath  after 
completion . 

For  a  replenishable  operation,  cool  bath  after  each  day's  use.  (See  replenish¬ 
ment  instructions.) 

I -CP-70 
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CUPOSIT0  ELECTROLESS  COPPER  CP-70 


As  a  batch-type  operation,  the  bath  loading  is  restricted  by  the  amount  of 
ductile  copper  to  be  plated,  as  follows: 


DESIRED 

COPPER  THICKNESS 

SURFACE  AREA*/ 
GALLON  OF  BATH 

PLATING  TIME 
AT  120°F 

0.25  mil 

72  sq.  in.  (1/2  sq.ft.) 

1  1/4  hours 

0.5  " 

36  "  "  (1/4  "  "  ) 

2  1/2  " 

0.75  " 

24  "  "  (1/6  "  ”  ) 

3  3/4  " 

1.0  " 

18  "  "  (1/8  "  "  ) 

5 

*Surface  area  to  be  plated  . 


If  heavier  thicknesses  are  desired,  transfer  work  to  a  fresh  bath  every  two 
hours  and  use  less  bath  loading  in  order  to  lessen  plating  time. 


For  smooth  deposits  it  is  best  to  filter  continuously  through  a  coarse  media, 
such  as  glass  wool.  DO  NOT  USE  A  FINE  FILTER.  Batch  filtering  every 
two  hours  is  suitable,  or  a  transfer  to  a  fresh  bath. 


Polyethylene  or  glass  containers 
are  satisfactory.  CP-70  is  oper¬ 
ated  HOT.  Heat  transfer  is  ideal 
for  volume  manufacture.  Do  not 
use  immersion  heaters  as  direct 
localized  heat  is  not  suitable. 
See  sketch  for  water  jacket  set¬ 
up  recommended.  Use  a  poly¬ 
ethylene,  Teflon  or  glass  stirrer 
(if  continuous  work  agitation  is 
not  provided). 


Safety  glasses,  gloves,  and  clothing  should  be  worn.  Use  precautions  as  in 
handling  formaldehyde  and  caustic  solutions.  Wash  exposed  areas  with 
copious  amounts  of  water. 


Store  in  a  dry  area  at  50° -90°  F.  Keep  sealed  when  not  in  use.  Shelf-life 
is  at  least  12  months  if  stored  unopened  under  these  conditions. 


SHIPLEY  COMPANY  INC. 

St.,  Newton,  Mess.  02162  •  (617)  969  5500  727  East  223rd  St.,  Torrance,  Calif  90502  •  (213)  775  7181 
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MICROCOPY  RESOLUTION  TEST  CHART 
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SUBJECT:  CIWS  PILOILINE  ENVIRONMENTS  , 

I 

! 

purpose:  To  establish  the  environmental  requirements  for  CIWS  pilotline  equipment:  assemblies; 

and  packages,  and  to  standardise  the  test  methods  for  environmental  qualification,  i 

‘ 

i 

■Wave,  ion-  >11  pilotline  specifications  for  equipment  assemblies  and  packages  are  t.- 

compatible  with  these  environments.  (The  environments  for  purchased  piece  psrts 
ere  contained  in  DI-433-BE-332) .  ‘ 

The  CIWS  Pilotline  environments  are  defined  in  Paragraphs  1,0  through  5.0. 

The  test  methods  for  environmental  qualification  are  contained  in  Appcv.ciix  A.  ■ 

These  tests  are  in  terms  of  military  or  industry  test  methods.  This  allows 
the  use  of  standard  test  methods  and  set-upa  and  reduces  testing  costs. 

Gun  induced  environments  are  provided  for  both  25  urn  and  30  era  (GAU-8A)  growth  j 
guns.  Tne  30  raa  environments  apply  only  to  the  outer  structure  (barbette, 
electronics  enclosure,  train  platform,  and  elevation  mount  structure).  i 

The  yoke,  elevation  gear  train,  servo  motors  and  all  of  the  electronics  are 
designed  for  the  25  mm  environments. 

The  allocation  of  the  environments  to  the  various  CIWS  elements  is  provided  ! 

in  Figure  1. 

Load  distributions  in  terms  of  shear  and  bending  moments  due  to  combined  loco 
environments  (survival)  and  near  mLss  shock,  are  contained  in  DI-444-A-0G3. 

Table  A- IV  provides  a  sunnary  of  the  thermal  environments  for  CTVS  package*.  ;  j 
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1.0  GENERAL 

The  CIWS  system  will  be  deployed  on  board  many  different  ship  desses. 

The  geographical  deployment  of  the  CIWS  and  its  supporting  logistics 
will  be  worldwide  end  climatic  conditions  will  range  from  equatorial 
heat  and  humidity  conditions  to  artlc  cold.  The  CIWS  must  be 
capable  of  effective  and  continuous  operation  under  realistic 
combinations  of  Its  own  ship  environments,  the  climatic  environments 
as  specified  in  MIL-STD-210,  the  environments  that  the  enemy  forces 
can  be  expected  to  induce  and  self-generated  environments. 

The  system  shall  operate  with  normal  performance  when  performing 
under  environmental  conditions  noted  under  "Normal  Service."  In 
those  cases  where  "Reduced  Operating  Capability"  is  noted,  the 
system  shall  function  but  it  is  not  required  that  the  performance 
be  within  the  tolerances  specified  for  "Normal  Service."  Reduced 
capability  may  Include  reduced  elevation  coverage,  kill  probability  and 
altered  minimum  engagement  range.  In  the  cases  specifying  "Withstand," 
the  system  is  to  withstand  exposure  to  the  conditions  without  damage 
and  recover  to  normal  performance  when  less  severe  conditions  exist. 

The  environmental  requirements  are  organized  in  accordance  with  the 
primary  source  of  the  environment  as  follows: 

a)  climatic 

b)  shipboard 

c)  CIWS  generated 

d)  threat  Induced 

e)  combination  loading 

f )  bench  handl lng 

g)  transportation 

2.0  CLIMATIC  ENVIRONMENTS 

2.1  Thermal  Air  Low  Temperature 

a)  Equipments  exposed  to  the  elements  shall  operate  with  external 
air  temperature  at  -28°C  (-19°F)  continuous. 

(MIL-STD-210B,  5. 2. 2. 2. 2). 

b)  The  CIWS  equipments  shall  be  able  to  survive  (not  operate  in) 

a  continuous  -40°C  (-40°F)  without  permanent  damage.  [ 

(MIL-STD-2 103 ,  5. 2. 2. 2. 3)  |A 

2.2  Thermal  Air  High  Temperature 

a)  Equipments  exposed  to  the  elements  shall  operate  with  external 
air  high  temperatures  between  32°C  (90°F)  and  46°C  (1 14°F) 
according  to  the  below  dally  duty  cycle 
OiIL-STD-2103,  5. 2. 2. 1.2). 
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b)  Equipment*  shall  be  able  to  survive  a  continuous  air  temperature 
high  between  32°C  (+90°F)  and  71°C  (160°F)  according  to  the 
below  dally  duty  cycle. 

c)  Dally  duty  cycle 

Max.  High 


Min.  High 

Hours 


2.3  Solar  Radiation 

Equipments  exposed  to  the  elamamts  stall  ape rate  when  exposed  to 
solar  radiation.  Tha  solar  power  w.  »ory  from  0  to  90  watts/ft2 
in  accordance  with  the  duty  cycle  of  «.l.  lots  requirement  shall, 
be  used  In  conjunction  with  2.2  «*oe  competing  surface  temperatures. 
Composition  of  solar  energy  Is:  51  percent  infrared,  44.5  percent 
visible,  and  4.S  percent  ultraviolet. 

2.4  Humidity 

The  equipments  exposed  to  the  elements  shall  maintain  normal 
service  when  operating  either  intermittently  or  continuously 
at  ambient  relative  humidity  from  51  to  9SX.  Packaged  parts 
in  storage  shall  withstand  any  continuous  relative  humidity  from 
957.  to  2*4. 

2.5  Sea  Temperature 

The  CIWS  shall  maintain  normal  service  when  sea  water  at  a 
temperature  of  36°C  (100°F)  or  less  is  used  as  the  basic  cooling 
source  for  any  cooling  system. 

2.6  Wind  Loading 

The  CIWS  shall  maintain  its  normal  performance  in  turbulent 
smooth  vinds  with  velocities  up  to  75  knots  (17  pounds  per  square 
foot  on  projected  areas  exposed  to  the  wind).  The  CIWS  shall 
withstand  without  damage,  winds  having  relative  velocities  of 
100  knots  (30  pounds  per  square  foot). 
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2.7  Blowing  P*rticle» 


2.8 


2.9 


The  external  port Iona  of  the  equipment  including  RV  front 
panela  ahall  operate  when  expoaed  to  blowing  part  idea  in 
accordance  with  the  below  schedule: 


Snow: 


(KIL-STD-210B, 
Para.  5.1.12.1, 
5.1.12.3) 


Sand  and  Dust: 
(HIL-STD-210B, 
Para.  5.1.21.3) 


.02  to  .2  an  (7.9  x  IQ-*  to  7.9  x  103) 
diameter 

6.9  gm/m2/sec  (1.4  lb/ft2/aec) 

26  knot  wind 
-15*C  (5°F) 

.074  to  .35  on  (2.91  x  10"3  to 
13.8  x  10-3  in)  diameter 

1.06  gm/m3  (6.61  x  10‘5  lb/ft3) 

35  knot  wind  j 

21 *C  (70*F) 


Atmospheric  Pressure 

The  CIWS  shall  operate  in  atmospheric  pressures  varying 
between  12.8  to  15.4  psta  (26.06  to  31.35  in  Kg) .  Packaged  parts 
in  Navy  logistics  system  must  survive  atmospheric  pressures  as 
low  aa  1.68  psia  (3.42  in  Hg,  50,000  ft  altitude)  during  air 
transportation. 

Rain 


The  CIWS  shall  maintain  normal  service  in  rain  of  up  to  4  nn  per 
hour.  The  equipment  shall  withstand  rainfall  rates  up  to  7  inches 
per  hour  with  an  average  of  1  inch  per  hour  for  a  12  hour  period. 


2.10  Fungus 


The  CIWS  shall  use  fungi  resistant  materials  in  accordance  with 
MTL-STD-454,  Requirement  4  where  possible.  F.quioment  with  non- 
resistant  materials  shall  not  show  deterioration  after  owing 
subjected  to  MIL -STD-810,  test  method  508.1. 

2.11  Ice  Loading 


The  CIWS  shall  be  capable  of  operation  under  icing  conditions. 

Ice  may  accumulate  at  ratas  up  to  1  in/hr  on  surfaces  that  do 
not  utilize  Ice  build-up  prevention  techniques.  Means  shall  be 
provided  for  prevention  of  icing  and/or  for  de-icing  of  adjoining 
surfaces  which  are  required  to  move  relative  to  each  other  and 
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on  surfaces  on  vhieh  accumulations  of  ice  vill  prevent  satisfactory 
operation.  The  CIVS  shall  operate  normally  with  all  surfaces  except 
the  sesrch  and  track  radar  windows,  gun,  magazine  and  yoke  covered 
with  4.5  lb  per  square  foot  of  ice  on  all  horizontal  surfaces  and 
2.25  lb  per  square  foot  on  all  vertical  surfaces.  The  CIVS  shall 
survive  an  ice  loading  of  6.0  lb  per  square  foot  of  ice  on  all 
horizontal  surfaces  and  3.0  lb  per  square  foot  on  all  vertical  , 

surfaces.  (MIL-STD-2103,  Para.  5.2.2.13.3)  During  system  oper-  |A 
at ion  under  Icing  conditions,  minimum  air  temperature  will  be  * 

-18#C  (0*?)  and  maximum  wind  speed  will  be  50  knots. 

2.12  Salt  Fog 

The  enclosures  of  equipment  shall  resist  deterioration  when  sub¬ 
jected  to  a  5  percent  sodium  chloride  solution  for  a  period  of 
200  hours.  Interior  equipment?* shall  show  no  deterioration  and 
shall  maintain  normal  service  when  subjected  to  a  5  percent  sodium  i  A 
chloride  solution  for  48  hours.  Interior  equipment  having  2  enclosures  ' 
between  it  and  the  outside  atmosphere  shall  not  be  sujected  to  a  salt  | 
fog  test. 

3.0  SHIPBOARD  ENVIRONMENTS 

3.1  Shipboard  Magnetic  Conditions 

The  CIVS  shall  operate  normally  when  subject  to  slowly 
fluctuating  direct  current  induced  degaussing  magnetic  fields 
up  to  20  gauss  max.  The  CIVS  shall  be  capable  of  returning 
to  operation  as  specified  within  60  minutes  after  the  deperming 
operation. 

3.2  Gun  Blast 

The  CIVS  shall  maintain  normal  service  when  subject  to  gun  blast 
of  7.5  psl  with  a  positive-  impulse  of  10  psi-milllseconds 
repeated  at  40  times  per  minute  for  10  minutes. 

3.3  Ship  Motion 

3.3.1  Ship  Motion  Conditions.  The  CIVS  shall  be  designed  for 
installation  in  various  classes  of  ships.  Ship  motion 
characteristics  vary  with  ship  class.  For  design 
purposes  the  motions  described  In  Table  I  shall  be  used, 
combined  as  follows: 

a)  Normal  Service  (Full  Operating  Capability) 

Maximum  roll,  pitch  and  yaw  positions,  velocities, 
or  accelerations  may  occur  simultaneously. 

b)  Reduced  Service  (Reduced  Operating  Capability) 

Maximum  roll,  pitch,  and  yaw  positions,  velocities 
or  accelerations  may  occur  aimultaueously. 


r  Buc’/cfure* 


L-5 


DI -444 -A -002 


e)  Extreme  Service  (Non-Operating,  Withstand  end  Recover) 

Hex 1mm  positions,  velocities,  end  accelerations 
shall  not  be  assumed  to  occur  simultaneously.  The 
maximum  position,  velocity,  or  acceleration  about  any 
one  of  the  axes  (for  extreme  service  condition)  shall 
be  assumed  to  cosiMne  simultaneously  vith  maximum 
positions,  velocities  and  accelerations  of  the  normal 
service  condition  about  the  other  two  axes.  Recovery 
to  normal  operation  shall  be  automatic  and  vlthin  1 
second  after  an  extreme  service  condition  is  removed. 

3.3.2  Ship  Inclination,  Operate.  The  group  shall  operate  vith 
ship  continuous  inclinations  of  +15  decrees  list  u'oil ) 
and  +5  degrees  trim  (pitch).  When  ship  inclinations  are 
combined  with  ship  motions,  ship  amplitude  extremes  of 
Table  1  ere  the  limits  specified  for  operation. 

3.3.3  Ship  Inclination,  Survive.  The  CIWS  equipment  shall 
withstand  a  60  degree  roll  when  it  is  in  a  non-operating  or 
stowed  condition. 

3.3.4  Ship  Turning  Rate.  The  groOp  shall  operate  noruall:  ::r 
ship  turning  rates  of  5  deg/sec  for  a  maximum  of 

The  system  shall  be  capable  of  reduced  performance  f  * 
turning  rates  of  18  deg/sec  for  s  maximum  of  10  seconds. 

3.4  Ship  Vibration 

The  equipment  vith  the  exception  of  the  cannon  (”$1A1)  and  its 
magazine  shall  withstand  Type  1  vibration  requirements  as  specific 
in  MIL-STD-167B.  The  vibration  levels  of  Table  II  are  expected 
during  vibration  qualification  per  MIL-STD-167B.  Equipment,  is  to 
operate  with  acceptable  performance  during  two  hours  of  vibr  e*.i;n 
at  the  maximum  levels  indicated  along  each  axis.  The  labl.'  I* 
vibration  levels  represent  cost  levels  2nd  not  rorm.al  s!.i:.nr: 
operational  levels.  During  maneuvers  in  rough  sear  t.««  *t 
be  about  half  of  the  table  values.  During  calm  seas  and  st *.«-;• 
heading  of  the  ship,  the  levels  will  be  about  one-tenth  of  tVcte- 
shown. 

3.3  Wave  Loading 

The  CIWS  top  side  mount  enclosures  shall  withstand  s  wave  load 
equivalent  to  a  static  load  of  1000  pounds  ocr  scuare  foot  on 
vertical  projected  areas  except  the  radar  servo  structure  which 
•hell  withstand  an  equivalent  static  load  of  S00  pounds  per 
square  foot. 
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3.6  Sea  State 

The  CIVS  ahall  maintain  normal  service  In  any  sea  atate  from 
aero  to  five  (Inclusive).  Maintenance  shall  not  be  performed 
In  a  sea  atate  greater  than  S.  The  survival  sea  atate  is  sea 
state  8. 

3.7  Ship  Internal  Temperature 

The  LCP  ahall  operate  with  air  temperature  between  0*  and  50*C 
(32  and  122T). 

4.0  CIWS  GENERATED  ENVIRONMENTS 

4.1  Acoustic  Environments 

The  CIWS  shall  operate  normally  In  Ita  own  acoustic  environment  t 
and  when  in  close  proximity  to  other  equipment  generating  noise. 

The  free-field  peak  levels  for  nearby  Jet  aircraft  and  missile  |A 
launch  can  be  aa  high  as  160  d3  and  164  d3,  respectively.  Tr.e  j 
CIWS  shall  not  generate  noise  above  95  db  except  when  firing.  Equipment 
In  enclosed  areas  shall  not  generate  airborne  noise  In  excess  of  tnat 
permitted  for  Grade  C  equipment  In  MIL-STD-740. 

4.2  Acoustic  Environment  for  Growth  Guns 

The  Pilctline  configuration  Is  to  be  designed  to  minimize 
future  structural  changes  due  to  the  more  severe  environments 
that  result  from  up-gunning.  As  indicated  in  Figure  1, 
the  following  structural  elements  are  to  be  designed  for  the 
30  mo  growth  requirements: 

a.  Barbette 

b.  Electronic  enclosure 

c.  Equipment  platform 

d.  Train  platform 

e.  Elevation  mount  . 


All  other  structure  and  all  electronic  components  are  to  be  cesi*  ed  ;A 
for  a  25  na  growth  gun.  1 

4.2.1  25  na  Cun  Acoustics.  25  can  gun  environments  are  based 

based  on  early  GAL' -7  and  caseless  ersaunit  Lon  data  including: 

Rate  of  fire:  3000  SPM 

Muzzle  position  relative  to  elevation  tunnlon:  63  Inches 
Projectile  kinetic  energy:  106,000  FT-L5 
Charge  weight:  2450  grains 

*  Sound  pressure  levels  in  decibels  (dO)  are  referenced  to  0.0002  .**ynes/Ci2. 
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The  Interior  ecoustic  level*  for  the  25  na  gun  are 
shown  In  Figure  2.  These  are  to  be  applied  to  equip¬ 
ment  as  Indicated  in  Figure  1. 

4.2.2  30  on  Cun  Acoustics.  The  design  for  a  growth  gun  is 

based  on  the  GAU-8A  environment.  Significant  para¬ 
meters  for  the  acoustic  environment  are: 

Rate  of  fire:  3000  SPM 

Muzzle  position  relative  to  elevation  trunnion: 

65  Inches 

Projectile  kinetic  energy:  148,200  FT -LB 

Charge  weight:  2400  grains 

Maximum  blast  loads  induced  by  the  30  mm  growth  gun 
on  the  external  structure  and  the  firing  angles  at  which 
they  occur  are  shown  in  Table  III  and  Figure  3.  The 
reflected  blast  loads  on  the  electronics  enclosure 
can  be  as  great  as  40  to  60  psl  for  -25  degrees 
elevation  and  train  angles  near  165  degrees.  Due  to 
the  low  probability  of  ship  installations  permitting 
this  condition  to  occur,  the  electronics  enclosure 
will  be  designed  for  the  maximum  reflected  pressure 
of  11  psi  that  occurs  at  -25  degrees  elevation  and 
+120  degrees  train.  Beyond  +120  degrees  train,  the 
elevation  angle  must  be  increased  to  0  degrees  in 
order  not  to  exceed  the  11  psi  design  load. 

The  CIVS  external  structure  shall  have  a  fatigue  life 
in  excess  of  2  hours  wher  exposed  to  the  30  mm 
acoustically  induced  environment  of  Figure  4. 

4.3  25  mm  Gun  Vibration 

The  equipment  shall  operate  normally  when  subjected  to  the 
appropriate  25  mm  gun  vibration  environments  as  specified 
in  Figure  5. 

The  vibration  consists  of  narrow  band  random  and  sinusoidal 
components  at  all  gun  fire  harmonics  below  1000  Hz  and  a 
predominantly  broadband  random  content  above  1000  Kz. 

Vibration  varies  with  position  in  the  CIVS  structure  and 
according  to  the  mounting  provisions  for  the  various 
equipment  items.  Vibration  envelopes  given  in  Figure  5 
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are  specified  at  the  package  side  of  the  designated  Isolators. 
Vibration  levels  or  components  within  the  packsges  can  be 
substantially  higner.  Cains  of  3  to  10  apply  for  conventional 
lowly  damped  packaging  while  highly  damped  designs  will  have 
gains  from  1.5  to  3.  Use  of  Internal  vibration  isolation 
may  be  warranted  where  components  have  unusual  sensitivity 
to  vibration. 

4.4  Mount  Motion  Environment 

Equipments  housed  in  the  CIWS  r a dome  assembly  shall  be  designed 
to  operate  under  the  goading  induced  by  base  motion  of  the 
mount  elevation  and  train  axes.  These  axes  have  the  below  slew 


and 

acceleration 

capabil icy. 

Maximum 

Slew 

Acceleration 

Slew  into 
Buffers 

a) 

Elevation 

1..6  Rad/s 

14  Rad/s2 

1.6  Rad/s 

b) 

Train 

2.. 2  Rad/s 

14  Rad/s2 

2.2  Rad/s 

Mechanical  stop  is  accomplished  at  constant  deceleration 
(+10%)  in  5  degrees  in  train  and  10  degrees  in  elevation. 
The  CIo/S  components  must  survive  this  shock. 

4.5  Gun  Recoil 

The  growth  gun  recoil  forces  shall  not  exceed: 

Recoil  force  during  burst:  +15,000  pounds 

(Acting  through  elevation  axis)  -0  pounds 

Counter  recoil  at  end  of  burst:  -8000  pounds 


A 


4.6  Controlled  Internal  Environments  1 

The  CIWS  shall  hove  the  ability  to  control  the  temperature 
of  the  electronics  housed  internal  to  the  system.  The  system 
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Environmental  Control  Croup  (ECG)  provides  minimum  and  maxlmtaa 
temperature  control,  condensation  control  and  radar  waveguide 
pressurization.  The  amount  o£  temperature  control  depends  on 
the  location  within  the  system.  The  ECG  will  control  the  air 
environment  to  the  electronics  within  the  electronics  enclosure 
1001  of  the  time,  except  during  periods  of  casualty  and 
preventative  maintenance.  The  electronics  within  the 
electronics  enclosure  shall  be  required  to  operate  in  the 
environments  specified  below  and  shall  also  survive  the 
environment  specified  in  paragraphs  2.1,  2.2,  2.3,  and  2.4. 

4.6.1  ECG  Maximum  Air  Temperature  Operate  (Cooling  Cycle). 

The  maximum  delivered  air  temperature  from  the  ECG 
shall  not  exceed  46°C  (114°F)  dry  bulb.  The  return 
air  temperature  to  the  ECG  shall  not  exceed  62°C 
(144°F) . 

4.6.2  ECG  Minimum  Operating  Air  Temperature  (Heating  Cycle). 

4. 6. 2.1  With  the  electronic  equipment  non-operating,  the 
minimum  delivered  air  temperature  shall  be  maintained 
at  -12  +3°C  (+10  +5°F)  in  climatic  conditions 

as  low  as  -29°C  (-20°F). 

4. 6. 2. 2  With  the  electronic  equipment  operating,  the 
minimum  delivered  air  temperature  shall  be 
maintained  at  4°  +3°C  (+40  +5°F)  in  climatic 
conditions  as  low  as  -29°C  (-20°F). 

4.6.3  Waveguide  Air  Pressurization.  Waveguide  pressure  shall  be 

maintained  by  the  ECG  at  3.4  +2.6  PSIG  for  a  maximum 

input  flow  of  15.0  inVmin.  The  dew  point  of  the 
conditioned  air  shall  not  exceed  15%  relative  humidity. 

4.6.4  Air  Humidity  Operate.  The  humidity  of  the  electronic 
enclosure  interior  snail  be  controlled  such  that  there 
is  no  condensation. 

4.6.5  ECG  Air  Pressurization.  The  conditioned  air  pressure 
to  the  electronics  shall  not  be  less  than  1.5  inches 
water  gage  and  the  air  flow  into  the  electronics 
enclosure  shall  not  be  less  than  640  cu.  ft.  min. 
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4.7  Controlled  Transmitter  and  Power  Supply  Units  Environment 

The  CIV'S  uses  a  liquid-to-liquid  heat  exchanger  with  a  heater 
to  control  the  radar  transmitter  environment.  The  transmitter 
shall  operate  with  a  maximum  coolant  (ethylene  glycol)  return 
temperature  of  +66°C  (150°F).  The  transmitter  shall  transfer 
40,600  British  Thermal  Units  per  hour  (BTU/hr)  (11.3  K W) 
maximum  to  the  coolant.  The  coolant  shall  be  supplied  at 
10.0  gallons  per  minute  (gpm)  and  130  PSIG.  The  coolant 
input  temperature  will  be  46°C  (+115°F). 

4.8  Barbette  and  Mount  Non-Controlled  Internal  Air  Temperature 

The  equipment  shall  operate  in  non-control led  air  environment 
that  can  reach  a  maximum  of  66°C  (+150°F),  (the  peak  is  caused 
by  solar  radiation  and  self-generated  heat)  and  a  minimum 
of  -29 °C  (-20°F) . 

4.9  Radar  Servo  Structure  Assembly  Temperature  Control 

The  minimum  temperature  is  controlled  in  the  radar  servo 
assembly  through  the  use  of  a  heater/blower  combination. 

The  minimum  operating  temperature  shall  he  maintained  at 

4°C  (+40°F).  Maximum  radome  internal  air  temperature 

shall  not  exceed  66°C  (+150°F).  The  radar  servo  assembly  heater 

shall  be  turned  off  when  the  internal  temperature  exceeds 

38°C  (100°F) . 

5.0  THREAT  INDUCED  ENVIRONMENT 
5.1  Shock  Loading 

The  equipment  shell  withstand  shock  loading  induced  by 
subsurface  HE  warhead  detonation  of  Grade  A,  deck-mounted. 

Class  II  equipment  in  accordance  with  MTL-S-901C.  The  CI’.’S 

uses  resilient  mounts  and  the  shock  accelerations  seen  by  the  system 

will  vary  as  specified  in  Table  IV. 

The  near  miss  shock  accelerat ions  of  Table  IV  are  based  on  the  nith 
of  NAVSHTPS  250-423-31.  The  vertical  and  lateral  shock  acceler&ti<-> 
result  from  maximum  velocity  changes  of  96  and  38  inches  per 
3econd,  respectively.  Shock  loads  have  been  mitigated  by 
shock  isolators  located  between  the  deck  and  the  electronic 
enclosure,  the  deck  end  the  barbette  equipment  platform  and 
the  top  of  the  barbette  and  the  mount  platform.  The  search 
and  track  antennas,  enclosure  drawers  and  the  electronics  are 
vibration  isolated.  DI-433-BE-40B  defines  the  isolator 
characteristics  and  their  rattle  space  requirements. 

DI-444-A-003  defines  the  shock  loads  throughout  the  system  for 
structursl  design. 
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6.0  COMBINATION  LOADING 

6.1  Coablned  Load  Operating  Capability 

The  CIWS  shall  operate  normally  for  Che  combined  operational 
loads  for  vlndt  Ice,  gun  blast,  ships  motion,  and  gun  recoil 
of  paragraphs  2.6,  2.11,  3.2,  3.3.1  and  4. A,  respectively. 

6.2  Combined  Survival  Loading 

The  CIWS  shall  withstand  the  combined  survival  loads  for 
lee,  ships  motion,  and  waves  of  paragraphs 
2.11,  3.3.1  and  3.5,  respectively. 

7.0  BENCH  HANDLING 

On  the  package  level  the  equipment  will  be  subjected  to  bench 
handling  shocks  as  defined  in  MXL-STD-810C,  Method  516.2, 

Procedure  V  and  will  operate  normally  after  the  applied  shocks. 

8.0  TRANS PORAT ION 

Transporation  of  Che  CIWS  and  spares  can  take  place  in  trucks, 
trains  and  aircraft  for  long  durations.  This  transporation 
environment  results  in  a  maximum  of  1.5  g  peak  vibration  in 
all  axes.  Lifting  equipment  and  lifting  attach  points  shall  be 
designed  for  5  g  loads. 
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Table  1 

Ship  Motion  Characteristics  for  System  Design 
(Reference:  Table  3  of  US  13902D) 


A)  Ship  Motion:  Max  amplitude  (DE  1040) 


Full  Reduced  Withstand 

Capability  Capability  and  recover 


Ampl , 

Period 

Ampl. 

Period 

Ampl . 

Period 

(Deg) 

(Sec) 

(Deg) 

(Sec) 

(Deg) 

(Sec) 

Sinusoidal : 

Roll 

+25 

8.5 

+35 

8.5 

+45 

8.5 

Pitch 

+5 

7 

+8 

7 

+15 

7 

Yaw 

+2.5 

7 

+4 

7 

±7.5 

7 

B)  Ship  motion:  Max 

acceleration  (LST  1156) 

Full 

Reduced 

Withstand 

Capability 

Capability 

and  recover 

Atrpl  . 

Period 

At* pi  . 

Period 

Ampl . 

Period 

(Deg) 

(Sec) 

(Deg) 

(Sec) 

(Deg) 

(Sec) 

Sinusoidal : 

Roll 

+20 

6 

+30 

6 

+45 

6 

Pitch 

+5 

4 

+8 

4 

+15 

4 

Yaw 

+2.5 

4 

+4 

4 

+7.5 

4 

The  above  LST  ship  motions  can  produce  the  following  linear  accelerations 
at  a  point  182  feet  forward  and  32  above  the  LST  center  of  gravity. 


* 

Vertical 

Athvartship 

Longitudinal 


Full 

Capability  & 
Maintenance 


1*3  g 
1.0  g 

.4  g 


Reduced 

Capability 

2.2  g 

1.5  g 
.7  g 


Vi thstand 
and  recover 


3.6  g 

2.2  g 

1.6  g 


*  Gravity  bias  not  included 
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T«ble  ZZ 

System  Maximum  Responses  for  MIL-STD-167B  Test 


Component 

Input 

Axis 

Response 

Curve* 

Component 

Znput 

Axis 

Response 

Curve* 

Barbette,  Top 

X 

1 

Gun  Muzzle 

X 

5 

Y 

1 

Y 

5 

Z 

4 

Z 

5 

Train  Platform 

X 

2 

Gun  Ball  J  oint 

X 

2 

Y 

2 

Y 

2 

Z 

2 

Z 

2 

Mount,  Bottom 

X 

2 

Magazine,  Front 

X 

2 

Y 

2 

Y 

2 

Z 

2 

Z 

2 

Mount,  Top 

X 

2 

Barbette  Plaeform, 

X 

l 

Y 

2 

Edge 

Y 

1 

2 

2 

Z 

6 

Track  Redone ,  Bottom 

X 

3 

Barbette  Platform, 

X 

1 

Y 

3 

Center 

Y 

1 

Z 

3 

Z 

6 

Lower  and  Upper  Track 

X 

3 

Electronics  Enel, 

X 

4 

Isolator  Support 

Y 

3 

Top 

Y 

4 

Z 

3 

Z 

4 

Microwave  Receiver, 

X 

3 

Double  RU, 

X 

4 

Track  Antenna 

Y 

3 

(Signal  Processor) 

Y 

4 

Z 

3 

Z 

4 

Search  Antenna, 

X 

3 

Single  RU, 

n 

4 

Base 

Y 

3 

(Signal  Generator) 

■a 

4 

Z 

3 

z 

4 

“K U7VA4/ 
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Table  III 

30  am  Gun  Blast  Pressures  for  Structural  Design 


Structure 

Firing  Angle 

Reflected  Blast  Pressure 

Elev. 

(Deg) 

EH 

30  mm 

(PSI) 

Barbette  Panel 

0 

0,  +  90 

3.0 

-25 

0.  +90 

8.0 

-25 

+45.  +135 

18.0 

0 

+45,  +135 

5.0 

Electronics  Enel. 

0 

+120 

5.0 

0 

+135 

8*5 

0 

+165 

11.0 

-25 

+120 

11.0 

Mount 

0 

* 

2.5 

-25 

* 

8.0 

Radar  Servo  Structure 

* 

* 

1.9 

*Does  not  vary  with  angle. 


fre#****  *C*&QAf 


the  Local  Control  Panel  or  Remote 
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Appendix  A 

ENVIRONMENTAL  TEST  CONDITIONS  AND  TEST  METHODS 

Environmental  qualification  of  hardware  is  to  be  performed  using 
military  standard  tests  for  all  critical  items.  At  the  subsystem  and 
system  level  some  special  tests  are  required  in  addition  to  the  military 
standard  tests.  Tables  A-I  and  A-II  provide  a  list  of  the  test  methods 
to  be  used  in  critical  item  and  subsystem  specificetions  for  environmental 
qualification  for  the  non-operating  and  operating  conditions. 

Iable  A-II I  provides  the  test  conditions  and  test  methods  for 
performing  shock,  vibration  and  acoustic  testing.  The  test  conditions 
take  into  account  the  dynamic  environments  from  all  sources.  Teat 
conditions  depend  on  equipment  location  and  on  the  presence  or 
absence  of  vibration  isolators.  Table  A-III  Indicates  the  appropriate 
levels  according  to  t^is  criteria. 

Table  A-IV  provides  a  summary  of  the  design  temperatures  through¬ 
out  the  system. 
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Table  A-l 

NON-OPERATING  ENVIRONMENTAL  TEST  METHODS  PER  MIL-STD-810C 


Special  Test  Plan  Required. 

Test  only  when  materials  do  not  meet  the  requirements  of  MIL-STD-454 
and  when  directed  by  Program  Office. 


OPERATING  ENVIRONMENTAL  TEST  METHODS 


♦Special  Tent  Plan  Required 


rh«  nwoffii log  l«t  condition  dooo  not  depend  on  location 
xlthtn  tho  oyctoci. 

Transportation  not  required  when  operating  vibration 
(gun  vibration)  test  la  performed. 


Table  A-IV 

TEMPERATURE  ENVIRONMENTS  FOR  CIWS  PACKAGES 
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SUBJECT:  Fabrication  of  the  Injection  Molded  S-13  Filter 
P/N  5188423, 

1.0  SCOPE 

This  DPS  defines  an  improved  process  for  manufacturing 
the  S-13  Filter  by  the  use  of  injection  molding  techniques. 

2.0  PURPOSE 

This  DPS  is  written  to  provide  a  simplified  process  for 
injection  molding  high  strength  glass  filled  thermoplastic 
into  the  configuration  required  and  to  afford  an  outline 
for  the  preparation  of  a  future  MPS  for  production 
requirements. 

3.0  PROCEDURE 

3.1  INJECTION  MOLDING  PREPARATIONS 


3.1.1  The  plastic  molding  compounds  must  be  dried  prior  to  it's  use. 
General  Electric  "Valox"  420-SE0  (Blue),  PN  602-800-196  is  placed 
in  drying  trays  to  a  depth  of  1"  and  dried  at  250°F  +  10°F  for 

a  minimum  of  4  hours  and  a  maximum  of  48  hours. 

Note:  Material  dried  for  longer  than  48  hours  shall  be  discarded. 

3.1.2  The  injection  molding  press  shall  be  set-up  and  adjusted  by  or 
under  the  direct  supervision  of  Department  24-6  personnel. 

3.1.3  Adjust  the  temperature  controllers  to  the  following  temperatures. 

Front  Zone  490°F  +  5°F 
Rear  Zone  480°F  +  5°F 
Nozzle  Zone  500°F  +  5°F 

3.1.4  Turn  on  electrical  power  to  the  injection  molder*  after  the 
barrel  reaches  the  set  temperature  adjust  the  following  pressures. 

Boost  Pressure  1500  psig 
Hold  Pressure  1100  psig 
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3.1.5  Adjust  the  following  controls. 


Cycle  Time 

60  sec  +0.2  sec  - 

All  parts 

Injection  Time 

30  sec  +  0.2  sec  - 

Cavity  and  cover 

14  sec  +  0.2  sec  - 

End  cap 

Boost  Time 

2.0  sec  +  0.2  sec 

-  All  parts 

Shot  Size 

2.0  oz  +  0.1  oz 

-  Cavity 

1.25  oz  +0.1  oz 

-  Cover 

0.5  oz  +0.1  oz 

-  End  cap 

Injection  Speed 

Maximum  Speed 

-  All  parts 

Screw  Speed 

4:1 

-  All  parts 

Back  Pressure 

18  Threads  exposed 

-  All  parts 

3.1.6  Fill  the  hopper  with  one  tray  if  dried  material.  Do  not 
load  the  hopper  with  more  than  one  tray  at  a  time. 

3.1.7  Purge  the  machine  until  all  foreign  material  or  undried 
"Valox"  has  been  removed. 

3.1.8  Allow  the  barrel  to  return  to  the  proper  temperature  before 
proceeding. 

3.2  INJECTION  MOLDING  OF  WAVEGUIDE  COVER  CAP 

3.2.1  Load  the  cover  of  the  mold,  #24-6-100,  with  (8)  10-56  inserts, 
MS  51836-101,  using  0.590"  long  10-56  screws  to  hold  them  in 
place.  These  screws  are  made  using  0.610"  long  10-56  screws. 

3.2.2  Purge  the  machine  until  all  air  popping  has  been  eliminated 
and  allow  the  machine  to  complete  extrusion. 

3.2.3  Remove  any  foreign  matter  from  the  mold  using  compressed  air. 
Assemble  mold  sections  together  and  place  the  mold  assembly 

in  the  injection  molder  ensuring  fill  hole  alignment  with 
sprue  bushing. 
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3.2.4  Wait  30  sec  to  allow  full  heating  of  the  plastic.  Using  a 
manual  short  shot  to  purge  out  any  accumulation  of  air,  extrude 
and  move  injector  carriage  forward  to  the  stationary  platen. 

3.2.5  With  the  machine  in  the  semi-automatic  mode,  close  the  safety 
gate  to  initiate  the  machine  cycle.  After  completion  of  the 
injection  cycle,  but  prior  to  the  completion  of  the  total  cycle, 
switch  from  the  semi-automatic  to  the  manual  mode.  Allow  the 
mold  to  cool  for  two  minutes  with  the  press  closed.  Return 
injector  carriage  to  the  rear  position. 

3.2.6  Remove  waveguide  cover  mold  from  machine.  Remove  eight  screws 
holding  the  inserts.  Separate  cover  and  base  plate  from  center 
plate.  Place  center  plate  in  a  50  ton  Hull  press  with  posts 
facing  up.  Support  each  end  with  2"  aluminum  blocks.  Place 
ejector,  posts  down,  onto  the  tips  of  the  molded  posts  and  slowly 
eject  cover  out  of  the  mold. 

Note:  B  Should  the  mold  not  fill,  or  the  part  have 
excess  flash,  dimples,  or  any  other  defects, 
the  mold  and  machine  conditions  shall  be  verified 
by  Dept.  24-6. 

3.2.7  Place  molded  cover  aside  for  post  molding  operations.  Repeat 
steps  3.2.1  through  3.2.7. 

3.3  INJECTION  MOLDING  OF  WAVEGUIDE  CAVITY 

Note:  C  Preparation  and  control  settings  are  identical 

to  the  waveguide  cover  cap  with  the  exception  of 
the  platen  separation  and  shot  size. 

3.3.1  Adjust  shot  size  to  2.0  oz. 

3.3.2  The  injection  molding  press  shall  be  set-up  and  adjusted 

by  or  under  the  direct  supervision  of  Department  24-6  personnel. 

3.3.3  If  the  mold  is  already  assembled  loosen  eight  Allen  screws 
attached  to  the  end  blocks  before  removing  the  mold  cover. 

Remove  cover.  Load  the  cover  of  the  waveguide  cavity  mold  with 
(14)  10-56  inserts  using  0.61"  long  10-56  screws  to  hold  them 
in  place. 
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3.3.4  Purge  the  machine  until  all  air  popping  has  been  eliminated  and 
allow  the  machine  to  complete  extrusion. 

3.3.5  Remove  any  foreign  matter  from  the  mold  using  compressed  air. 

3.3.6  Assemble  mold  cover  to  base  and  attach  end  blocks.  Secure 

with  eight  Allen  screws. 

3.3.7  Position  the  runner  plate  over  the  mold  cover  ensuring  correct 
draft  angle  and  alignment  with  runners.  Position  sprue  plate 
over  runner  plate. 

3.3.8  Place  mold  assembly  in  injection  molder,  ensuring  fill  hole 
alignment  with  sprue  bushing. 

3.3.9  Using  a  manual  short  shot  purge  out  any  accumulated  air, 
extrude,  and  move  injector  carriage  forward  to  the  stationary 
platen. 

3.3.10  With  the  machine  in  the  semi-automatic  mode,  close  the  safety 
gate  and  start  the  machine  cycle.  After  completion  of  injection, 
but  prior  to  completion  of  the  total  cycle,  switch  from  the 
semi-automatic  to  the  manual  mode.  Allow  the  mold  to  cool  for  two 
minutes  with  press  closed.  Return  injector  carriage  to  rear 
position. 

3.3.11  Remove  waveguide  cavity  mold  from  machine.  Remove  sprue  and 
runner  plates.  Remove  14  screws  holding  inserts.  Loosen  eight 
Allen  screws  holding  end  blocks  to  mold  base.  Remove  end  blocks. 

3.3.12  Place  mold  assembly,  cover  side  up,  in  a  Hull  press  with  the 
cover  ends  supported  by  2"  aluminum  blocks.  Place  four  0.250" 
dowels  into  the  mold  cover  holes.  Place  a  rubber  cushion  under 
the  mold  base. 

3.3.13  Turn  the  closure  rate  to  the  slow  close  setting.  Close  the 
press  and  separate  the  mold  cover  from  the  mold  base.  Remove 
the  mold  base  and  open  press. 

3.3.14  Place  four  0.085"  dia  1.75"  long  pins  into  the  end  insert 
holes. 

3.3.15  Close  the  press  again  and  eject  the  waveguide  cavity  off 
the  mold  core. 
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Note:  D  Should  the  mold  not  fill  or  the  part 
have  excess  flash,  dimples,  or  any 
other  defects;  the  mold  and  machine 
conditions  shall  be  verified  by  Dept.  24-6. 

3.3.16  Place  the  molded  waveguide  cavity  aside  for  post  molding 
operations.  Repeat  steps  3.3.3  through  3.3.16. 

3.4  INJECTION  MOLDING  OF  END  CAP 

Note:  E  Preparations  and  control  settings  are 
identical  to  the  waveguide  cavity  with 
the  exception  of  the  platen  separation, 
shot  size,  and  injection  time. 

3.4.1  Adjust  shot  size  to  0.5  oz  and  injection  time  to  14  seconds. 

3.4.2  The  injection  molding  press  shall  be  set-up  and  adjusted  by 
or  under  the  direct  supervision  of  Department  24-6  personnel. 

3.4.3  Separate  mold  cover  from  mold  base. 

3.4.4  Remove  any  foreign  matter  from  the  mold  using  compressed  air. 

3.4.5  Assemble  mold  cover  to  base  and  place  mold  assembly  in 
injection  molder  ensuring  fill  hole  alignment  with  sprue  bushing. 

3.4.6  Use  a  manual  short  shot  to  purge  out  any  accumulated  air, 
extrude  and  move  injector  carriage  forward  to  the  stationary 
platen. 

3.4.7  With  the  machine  in  the  semi-automatic  mode,  close  the  safety 
gate  and  start  the  machine  cycle. 

3.4.8  After  completion  of  the  total  cycle  open  the  safety  gate  and 
remove  the  mold  assembly. 

3.4.9  Separate  the  mold  cover  from  the  base  using  a  small  screwdriver. 

3.4.10  Remove  the  molded  end  cap  from  the  mold  cavity  by  gripping 
the  sprue  with  a  pair  of  pliers. 
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Note:  F  Should  the  mold  not  fill,  or  the  part  have 
excess  flash,  dimples,  or  any  other  defects, 
the  mold  and  machine  conditions  shall  be 
verified  by  Department  24-6. 

3.4.11  Place  the  molded  end  cap  inside  for  post  molding  operations. 
Repeat  steps  3.4.4  through  3.4.11. 

3. 5  POST  MOLDING  OPERATIONS 

3.5.1  Carefully  cut  off  all  gates  and  runners  with  a  band  saw. 

3.5.2  Temperature  stabilize  all  molded  parts  by  baking  at  160°F  +  5°F 
for  a  minimum  of  16  hours.  Waveguide  cavities  shall  be  restrained 
with  thermal  stabilization  fixture  P/N  24-6-103. 

3.5.3  A  pair  of  waveguide  cavities  are  then  baked  while  restrained 
with  the  thermal  inner  stabilization  fixture  P/N  24-6-104, 

and  the  two  outer  plates  fixture  P/N  24-6-107  for  four  hours 
at  160°F  +  5°F. 

3.5.4  Remove  restraining  clamps,  leave  the  cavities  and  aluminum 
block  assembled  and  bake  for  two  hours  minimum  at  160°F  +  5°F. 

3.5.5  Use  a  file  to  blend  the  gate  flush  with  the  molded  plastic. 

Use  #240  and  # 400  sandpaper  to  further  smooth  the  gate  area. 

3.5.6  Insert  drill  fixture  P/N  24-6-102  into  the  waveguide  cavity 
and  clamp  total  assembly  together  with  two  Allen  screws. 

3.5.7  Drill  13  tuning  screw  holes  with  a  #19  drill.  Do  not  drill 
the  input-output  posts. 

3.5.8  Insert  a  0.25"  41°  countersink  into  a  hand  tap  fixture.  Set 
the  fixture  depth  to  cut  a  0.205"  wide  countersink  on  the 
previously  drilled  holes.  Countersink  both  sides  of  each 
hole. 

3.5.9  Insert  a  0.190"  -64  NS  tap  into  the  hand  tap  fixture.  Tap 
13  tuning  screw  holes. 

3.5.10  Insert  the  input-output  post  drill  fixture,  P/N  24-6-105, 
into  the  waveguide  cavity  and  over  the  post.  Drill  the  posts 
with  a  #62  drill  and  remove  any  burrs. 
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3.5.11  Tap  both  holes  to  a  depth  of  0.25"  with  a  1.2  x  102 
metric  tap. 

3.5.12  Drill  14  waveguide  cover  holes  with  a  #13  drill.  Use  the 
molded  in  countersinks  to  position  the  drill.  Lightly 
countersink  both  ends  of  all  holes. 

3.5.13  Drill  eight  end  cap  holes  into  the  waveguide  cavity  and 
cover  using  a  template.  Countersink  and  tap  with  a  2-56  tap 
to  a  depth  of  0.37"  minimum. 

3.5.14  Drill  four  thru  holes  into  the  end  caps  using  a  #39  drill. 
Use  the  mold  markings  to  align  the  drill. 

3.5.15  Remove  all  flash  and  burrs  from  the  molded  parts  using  a 
Scotch  Brite  type  A  extra  fine  pad.  Areas  to  be  scrutinized 
are  the  part  edges  and  post  tips. 

3.5.15  Thread  a  tuning  screw  through  all  13  tuning  screw  holes 
to  remove  all  burrs. 

3.6  METALLIZATION  OF  THE  INJECTION  MOLDED  SI 3  FILTER 

3.6.1  Vapor  hone  thoroughly  using  0.75  silica  blend  grit. 

(20%  by  weight  slurry). 

3.6.2  Thoroughly  rinse  in  running  water  for  two  minutes  @75°F. 

3.6.3  Ultrasonically  clean  in  deionized  water  for  five  minutes 
@75°F. 

3.6.4  Immerse  in  MacDermid  9076  cleaner/conditioner  for  ten  minutes 
@150°F. 

3.6.5  Running  water  rinse  for  two  minutes  @75°F  (D.  I.  Preferred). 

3.6.6  Immerse  in  50%  (by  volume)  HNO^  for  five  minutes  @75°F. 

3.6.7  Running  water  rinse  for  two  minutes  @  75°F.  (D.I.  Preferred). 

3.6.8  Immerse  in  10%  (by  volume)  HF  for  seven  and  one  half  minutes 
@75°F . 
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3.6.9  Running  water  rinse  for  two  minutes  @75°F  (D.I.  Preferred). 

3.6.10  Immerse  in  20%  (by  weight)  NaOH  for  two  minutes  @75°F. 

3.6.11  Running  water  rinse  for  two  minutes  @75°F  (D.I.  Preferred). 

3.6.12  Ultrasonical ly  clean  in  deionized  water  for  five  minutes 
@75°F. 

3.6.13  Mask  alignment  pins  and  holes  on  the  waveguide  cap  and 
cavity  respectively. 

3.6.14  Immerse  in  MacDermid  9076  cleaner/ condi tioner  for  ten 
minutes  @150°F. 

3.6.15  Rinse  in  deionized  water  for  two  minutes  @75°F. 

3.6.16  Immerse  in  Shipley  Cataprep  505  for  five  minutes  @75°F. 

Note  G:  Do  Not  Rinse. 

3.6.17  Immerse  in  3%  (by  volume)  Shipley  Cataposit  44  for  five 
minutes  @110°F. 

3.6.18  Rinse  in  deionized  water  for  two  minutes  @75°F. 

3.6.19  Remove  masking  on  alignment  pins  and  holes. 

3.6.20  Immerse  in  Shipley  Accelerator  19  for  five  minutes  @75°F. 

3.6.21  Rinse  in  deionized  water  for  one  minute  @75°F. 

3.6.22  Immerse  in  Shipley  CP-70  electroless  copper  for  three 
and  five  hours,  cat)  and,  cavity,  respectively  @1 1 0°F .  (Bath 
loading  shall  be  42  in‘/ga]  0f  solution.) 

3.6.23  Polish  with  Scotch  Brite  Type  A  extra  fine  pad  to  remove 
any  oxidation  or  nodulation. 

3.6.24  Immerse  in  Dynachem  LAC  41  acid  copper  cleaner  for  one 
minute  @150°F. 

3.6.25  Running  water  rinse  for  two  minutes  @  75°F. 

3.6.26  Immerse  in  electrolytic  acid  gold  plating  tank  for  fifteen 
minutes  @75°F.  (Bath  loading  shall  be  twenty-five  amperes/Ft^. ) 
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3.6.27  Running  water  rinse  for  two  minutes  @75°F. 

3.7  INJECTION  MOLDED  FILTER  ASSEMBLY 

3.7.1  Fasten  waveguide  cover  to  waveguide  cavity  with  14  screws 
and  flat  washers.  Torque  to  4in-1bs. 

3.7.2  Thread  two  connector  pins  into  the  input  and  output  posts. 
Gauge  the  pins  heights  above  the  waveguide  cover  to  0.300" 

+  0.010". 


3.7.3  Cut  two  teflon  dielectrics  to  the  proper  height  and  engage 
over  connector  pins.  The  top  of  the  teflon  must  be  flush 
with  the  pin  tip. 

3.7.4  Assemble  two  connectors  over  the  teflon  dielectric  and 
fasten  with  eight  screws  and  lock  washers.  Torque  to  3in-lbs. 

3.7.5  Insert  13  tuning  screws.  Check  for  complete  travel  through 
the  waveguide. 

3.7.6  Place  two  end  caps  over  the  filter  assembly.  Fasten  with 
eight  screws  and  torque  to  2in-lbs. 

4.0  MATERIALS 


Valox  420SE0 

Insert 

Screw 

Washer 

Connector 

Tuning  Screw 

75  Silica  Blend  Grit 

Nitric  Acid 


602-800-196 


MS  51836-101 
MS  35206-208 


MS  27183-2 


#2052-1200 


000-535-013 


Hydrofluoric  Acid 

Sodium  Hydroxide 

Shipley  Cataprep  505 

Shipley  Cataposit  44 

Shipley  Accelerator  19 

Shipley  CP-70  Electroless  Copper  System 

3M  Scotch  Brite  Finishing  Pad  000-535-024 

Glass  Wool  (Coarse) 
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5.0  EQUIPMENT  AND  TOOLING 

Injection  mold,  waveguide  cavity 
Injection  mold,  waveguide  cover 
Injection  mold,  waveguide  end  cap 
Tuning  screw  drill  fixture 
Drill  fixture  input-ouput  posts 
Body  annealing-fixture 
Body  annealing  fixture 
Fixture 

Tap  1.2  x  102  metric 
Tap  0.190"  x  64 
Tap  2-56 

Countersink  0.250"  -  41° 

Drills  #13 
Drills  #19 
Drills  #39 
Drills  #62 

Files 

Screwdrivers 
Allen  wrenches 
Drill  Press 

Injection  molding  press,  Newbury  150  Ton-6  oz  shot  size 

Hull  Press  -  50  Ton 

Four  liter  beakers 

Nylon  anode  bag 

Air  driven  magnetic  stirrer 

Thirty  liter  beakers 

Glass  stirring  rod 

Heating  plate 

Copper  wire 

Tygon  tubing  0.439"  00  and  0.391"  0D 
Peristaltic  pump 
Masking  dowels  and  sleeves 
Graduated  cylinder  (0.5  liter) 

Air  agitation  fixture 
Vapor  honing  apparatus 


PN  24-6-101 
PN  24-6-100 
PN  24-6-106 
PN  24-6-102 
PN  24-6-105 
PN  24-6-103 
PN  24-6-104 
PN  24-6-107 
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When  surveillance  of  the  process  defined  in  this  DPS,  or  inspection 
of  the  product  indicates  that  the  stipulation  of  this  DPS  have  not  been 
complied  with,  acceptence  shall  be  withheld  until  operations  and  Quality 
Assurance  Departments  concur  that  the  engineering  and  reliability 
requirements  have  not  been  compromised. 


7.0  SAFETY 


Comply  with  all  Pomona  Division  and  OSHA  Safety  precautions  required 
for  use  with  flammable  materials  fabrication. 
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APPENDIX  N 

INJECTION  MOLDED  FILTER  -  TOOLING  MOLD 
DRAWINGS  AND  FORMAL  DRAWINGS 
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MAKKIN6  #£AK  S/C* 
SEE  NOll  7 


2  A4M1 
If/  NOT£  S 


WIOR  10  SOLDERING  CENTER  CCMUCTW  (TIM)  W  6)  KATE  PIECE  P«RTS  TOGETTf  B 
(COVER  WG  COWECTORS  Ett  PINS  U£  HJUSING)  DCN  ADJUST  CEMER  CONDUCTOR  10 
Villi)  Dk  F0LL»IW  DIMENSION  SEE  VIE1  "A\ 

1.1  OIQJCTRIC  INSULATOR  CAP  «ASU«  FRON  OM€CTOR  BOCT  RTF  «\W€  «WIML 
0  000  (CLUS8)  10  *  002  -00*  CENTER  CONTACT  CAP  JCAS1DINC  FRW  OmCTOR 
t-Xt  REF  PLANE  000  (FLUSH  TO*  010  NOTE  -  003  HTh  RESPECT  TO  2EH&NQ 
PJR€  IS  NONINAL  AFTER  CENTER  CWflUCTOR  ACJUST1CNT  (“E-NATE  COVER 
AND  CONNECTOR  LEAVING  CENTER  (DNOUCTCR  HATEO  TO  HQUilf*  PIN  JCLDER  f  PC  H)  6 
CENTER  CONDUCTOR  IN  PEACE  TO  PIH(FIH)  NO  101  INSTALL  COVER  TO  HftJSING.  1>iN  MATE  CORRECTOR 
aOOTf  VI TH  DIELECTRIC)  TO  T>C  COVER  OVER  DC  PfiOTRUJIW  CENTER  dfOCTOR 

SUM  IAI  HIU  STC-HM  REOUIROWT  S  EXCEPT  THAT  T7PE  84  EllB  IA»  »-5  S7I  NAT  BE  USfD 
USE  F1IC  Ml  It 

PRI«  10  TUN1HC  FILTER  TORO*  flMi  Ml  8  19  TO  2F  30  IM  02  A*  EIMI  >C  >  10  «  S’?  »  10S 
PAINT  10  SIGNIFY  umiliw  OF  TORQUE  OPFRaIJOH  IS  NO!  PERMISSIBLE 

TER  BSOe,  VC  PRIOR  10  APPLICATION  OF  FINAL  PROTCCTIYI  CCAIING  f'CTRlCAUT  UN 
UH!5,SII  NOTE  J,  USING  l*!YIOUAl  TIM*  SCRE15  I  FIND  Ml  »1  FOR  M-UTTlCNl 
AFTER  TUN1NC  OPERATION  IS  CflMLETl  .OCXFINGMl  9.  TIMMS  SLUCS.  IN  PTIrl  UMM  I  81  AC  OF 

aocsive  i  fi*  mi  121  appli  a  eyeht  arum  periphmt 

Em  EXTERIOR  finish  (AFTER  TIM*.  WO.  FOR  OmC.ORT  IlKli  «  «* 

TIM*  SLUGS  SHALL  &  AS  FOLLOYS 

»  ,  SPRAT  COLT  1ITH  Fl*  W  IJ  F0U.OM  BT  FI*  Ml  IS  OOPS  TO  ««  -Min 
*j  FINAL  f  INI*  SPRAT  RIIH  FI*  NO  IT  0015  10  OO.Jsn-'FA 
1.)  1HIBMSS  10  IE  COOBOULD  MB  PRTCISS  SlRYEILLl.tS 


NOUS  I  CONTI 

T  ASSINBIT  IF  INC  MC  1 1  ANO  MUSING  CFIMC  «  21  A8E  NATCHIX  SITS 

rs  serial  no  s  of  iach  pari  shoux  kaich  mite  non-hatching  sirial 

z)  *  S  PRIOR  TO  SIAR1  OF  ASST  IS  CAUSI  FOR  RtJtCllOi 

7  I  HECCRt  SIRIAL  NO  S  OF  9*  IMLNTURE  PARTS  18RA7E0  ASS’-  A*  K1BINCI 
PRIOR  TO  FINAL  FINI* 

7  ?  IGENTDY  »I!H  CODE  HUNT  PARI  *  RtTISION  LETTER  *M  SERIAL  NO 
JLt  MIL  STD-130  LOCAU  APPROlIMAIELT  AS  SFCRN 
B  CAinllN  UNITS  MJST  BE  MPT  I  ill  ARC  Li  I  AR  OF  ANT  FOREIGN  MATERIAL 
UNI*  ISSIMBLY  ANT  FOSE ll>  MATE R 1 1L  A1IV1N  ASSEN8LEI  IP"'  TILL 
WtWHT  SA'IVACTORT  THING 
9  FOR  TIST  PASAMURS  SEI  CRAB  DC  SlBtSBI 


5 
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NOTES;  ICON ID) 


i  mss  nw  m  2  thru  8  nno  rim  m  1  fro*  sice  indicated  see 

REFERENCE  OUOSIWS  TO  0629  0IA  HB.CS  FOR  P«DW  PIN 
ORIENTATION  PTN  SH0LL0ER  H/ST  80TT0M  AGAINST  fl«  NO  I  COVER  FW 
PROPER  PIN  INSTILLATION 

(rYaV  AFTER  PRESS  ni  BRAZE  COVER-PIN  ASST  IAi  WLB-7WB  TWE  V  GRADE  A  EXCEPT 
RADIOGRAPHIC  EXAMINATION  IAS  PAR  M  2  IS  NOT  RETIRED  BRAZING  FILLET  NAT 
WT  EXCEED  OIS  R  AT  MATING  $l*f  ACE  BET1EEN  PINS  L«  COVER 

J  AHIR  IRAZDC  PUG  MUST  K  PUPEttlCLLAfl  TO  SURFACE  f  -A-  I  WITHIN  003 

©, 


I.  IMIS  OWES  IS  1  M1TDC0  SET  tITM  SIW12S-I  MUSIC  IT  MILL 
K  IDENTIFIED  HIM  SMC  SER'IL  W  IS  ITS  tUTIC  HOT  M)  M 
puis  shill  tc  stood)  mc  unco  is  i  wrote  set 


4 


J  Ufa  thitiot 


© 


©' 


s  i  copper  puk  in  ml-c-insso  a»ss  n.  axis  mi  tnio. 

s.j  amt  utTnc  cold  fun  i*«  nh-c-lsbn  me  i  otiose 
noos  no  ihiocss  follored  st  cold  putt  m  nil-c-ns20h  tips  i 
am  c  cuss  2  pin*  in  tmkikd  etc  txcuoi  holes  optioul  except 
es  cue  Cl  mm  <c  plitic  permi  tted  in  osh  on  holes 

CM  PLITIC  IOIM  IF  ILL  UNUTtD.  TWUOED  1*  MJJ  HOLES  IIIH  OCNICEL 
FILM  IREEICM  UP  NIL -C -SMI.  CUSS  3.  I  ELECTRICAL  T  COCUCT1VEI 


7.  uniirr  11m  an  loon  put  w  ,  kviston  letter  ino  sepia  no  ieinil-sio-ib 

LOUIE  IPPHOHN11ELT  IS  SOW  SEOUL  NO  OF  THIS  1SSM0LT  STU  EE  I0BITIC1L  10 

tie  sepiil  no  stasTuto  »  Fie  no  i  core*  econo  seriel  no  of  cover  ppior 


l 


f 


5188424 


FRJ2C SUING  paOS  BLANK-WOT  TILMfcD 


nw  m  n  oom.  pin?  im  *n  bogy  mc  assoolt  lotah*;  devices  mo  me 
PUMISSIM.E  TOOLINC  AIOS  FOR  WILUMC  Ml  K4CM1HIKC  T*  0629  uU 
00*L  MM  HOLES  M)  .173  OU  KLE.S  IN  -2  COVES  «JS7  K  NATO  OS  -IM-LINE'ORILLEO 
W  MATE  I17N  DC  OS*  IW  *560  OU  HOLES  IN  -N  BOV  RESPECTIVELY  WTEO  TIPPED 
Ml  «UU  HOLES  ME  Iff* TIMED  ST  SYMBOL  $ 

IT  IS  KSMlSSiaE  10  MATE  -N  BOW  MO  -7  COVER  KXETttR  TO  MATCH  DRILL 
THE  08S -54  UNC-2S  THO  IN  *N  BOOT  MO  0960  OU  HOi.ES  IN  -2  COVER-  WTED 
UPPED  AW  TWO  HOLES  ARE  (OENTIFIC0  BY  1*  Sr«L 

■1TH  DA  TO  -t  OF  •*»  BOOT  AMD  OATLM  -0  OF  -2  COVES  MATEO  AMO  MILE  HOLOI* 

OATlfl  -A-  OF  *N  BOOT  AND  DA  TO  -C-  Of  -2  COVER  CCIWIOENi  S1THIN  000  TO  013 
CAP  (SEE  V1E1  Al.  MACHINE  T>€  OPPOSITE  (OPEN)  ENOS  OF -N  BOOT  MO  -2  COVER  T0GET»O 

jNO^JSiltTlS  ilS5*13**0*  T0UR"Cl  10  NtEI  **  0¥tWLL  LEIC,H  «  ^  7* 

PRESS  FIND  NO  N  (XML  PINS  INTO  0616  DIA  HOIS  IN  -1  BOOT  TO  OIMtNSION 

SOM  USINC  FIIC  Ml  5  PRIMER  AS  A  LUBRICANT  W  SURFACE  TREATMENT  U>  NOTES  S  I  AND 

$.2  IS  ICMTIFD  ON  EXPOSED  ffCTlW  OF  FINO  NO  N  COREL  PI«  THIS  OPERATION  (MUTES 


®  »■  SlAFia  TREATICNT  1*1  AW  -3  OUT) 

(•)  S  I  COPPER  PLATE  UN  MIL -C-IH550  a*$S  N 


S.2  AFTER  COPPER  HAT  INC  CaO  HATE  I4R  MIL-C-NS20H  TYPE  I  GRADE  A  OOOOS  MIN 
WirMSS  FTUOKD  BT  GOLD  HATE  IAB  NIL-C-NS2X  TYPE  I  GRADE  C  G-4SS  2 
NOTE  HATING  IN  •MREAOEO  AW  TXtOUCH  KIES  QPTlUNAL  CAUTION  tCR  - 1  ON.Y 
HAT1NC  OF  FiW  W  N  OONEL  PINS  IS  PROHIBITED 

S  3  AFTER  HATING  TOUCH  UP  ILL  UfLATED  THREADED  MU  TWtU  WLES  BITM  OlWCA 
FILM  TREATICNT  IAB  MIL  C  SSNI  Q  ASS  3  (ELECTRICALLY  C0WUCT1VE) 


6.  SUB  ACE  TREATMENT  I-2M.YI  IOC  -2  COVER  OU  BE  YREATEO  AT  NEXT  ASSEMBLY. 


(V)  A  lODtlin  PARTS  IT JW  COSE  mi  PART  «  fl»W»  *£¥15101  LETTER  AW  tFVtt  )  AW  -31 
V  WBROETCH  SOI  A.  MO  ON  -I  WUSIMC  ASSY  AMO  2  COW  II TH  062  TO  093  HIGH  GOTHIC 

STYLE  LETTERS  SOUL  W  TO  BE  LEGIBLE  IF  TER  HATING  IAB  WTE  S  OO  WT  METAL  STUB* 

9.  0HCNSI0N4L  LIMITS  APPLY  AFTER  PLATING. 

Q  ic  BEFORE  NJRFIQ  TREATMENT  REMOVE  BURRS  MO  BtfA»  SHARP  Q»S  010  MU 

11.  TRUE  PQSITIW  OF  AU.  THREADED  HOLES  JIAU.  BE  TO  NIWR  DIANE  TER 

12.  Mi  SIMLE  ARROB  DIMENSIONS  ARE  TAKEN  FROM  OATUl 

13.  AU  FILLET  RADII  TO  BE  OlS  MAX  IM.ESS  OTHEMISE  SPECIFIED 

(£)  IN  .1260  OIA  HO LE  SHALL  BE  TO  SIZE  AFTER  HATING  MO  MAY  BE  FINISCD  AFTER  HATING  U« 
^  WTE  5. 


l  usn  i 

hX3<  NO.  TCM  ASSY  MO 

fi®to.  uan_ 

J _ >'WQ| 

_ .2  ONLY 

•1 

SIBBH23  _ 

-  Lh  ft  i 

3 

_ SIB6H23 

3  (HY  j 
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H 

RfV  STATUS  Of  SHEETS 

REVISIONS  ] 

* 

' 

• 

_L 

7|  1 

wrr  no 

MJCAlP-ON 

OA»l 

s 

M«  III 

9*:iWlFirO-nRARlNC  Ml  IAS  32«W2MA 

— r 

RAVUA  CHANGE  CONTROL  L  ,  ,iTl 

m  n 

_*_SeeECPPHI360-7  tCC  320/2A} 

'f«r  kpphimm^Tcc  v^.* 

i 

1  . 

1 

-j _ 

— 

SEE  SEPARATE  PARTS  LIST 

imuMtt  ounxs  m  icaxittci  nm  nc  sown.  stumors  »  mi-sto-mm 


AJBLL 


USUJ 


LI  *  5 _ J 

I  tut 


SEE  1A0U  I 

cin 

«|1  *fMJ*  « 

•  PPl  K 

vS*&  JN 

A  1  ION 

irci  o*« 

r«»f  ••<■*%  • 


WJOOW  ^<-7171 


OINRNAL  OVNAMICV 


«'«00  i _ 


'.Sm.  £*~ri-it?\ 


MAVMA  CHANGE  ( 

o*»«  b..vn 


DEPARDOtT  OF  TE€  NAV» 
NAVAL  Sf  A  SVSTENS  COHWC 
nashinciqn  0  C  70S? 


HOUSING,  S-13  FILTER 


coot  «lni  no 

53711 


5188425 


NONE  TuN.t  .■  M 


PBT 


N-21 


1 5188425  I 
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NOTES: 

|  REV  STA 

a 

D 

D 

a 

□ 

□ 

□ 

L 

I.  BEFORE  SURFACE  TREATMENT,  REMOVE  BURRS  Uii  BREAK  SHARP 
EDGES  .010  MAX. 


2.  COPPER  PLATE  I  AM  MIL-C-14550.  CLASS  4,  FOLLOMED  BV  GOLO 
PLATE  I  AM  Ml L-G-4S204,  TYPE  I,  GRAOE  A.  .C00005  MIN 
THICKNESS,  FOLLOWED  BT  GOLO  PLATE  IAW  MIL-G-4520A,  TYPE  I, 
GRAOE  C.  CLASS  2. 

(NOTE:  PLATING  IN  TAPPED  OR  THREADED  HOLES  OPTIONAL). 

J.  ALL  DIMENSIONS  ARE  AFTER  PLATING. 

4.  SURFACE  ROUGHNESS: 

5.  00  NOT  APPLY  PART  NO.  TO  PART  IOENTIFT  WITH  CODE  IDENT,  PART 
NO .,  DASH  HO.  AND  REV  IS  ION  LETTER,  IAW  MlL-STD-lJO. 


c 


8 


.250  MIN  FULL  THD 
82*  C5K  X.070  CIA 


£ 


.002  D  I 


MINOR  DIA 


© 


A 


TABLE  I 

DIAMETER  t  LENGTH  CHART 

DASH  NO. 

"D".  01  A 

*L"  LENGTH 

"I 

.2)10 

1.125 

-2 

.2000 

.620 

-5 

.2)50 

1  270 

-4 

.1970 

.720 

4 


® 

© 


INTERPRET  ORARING  1 


S1884;} 

CIRS 

518B476 

CIWS 

518840? 

CIWS 

V88U.0 

CIRS 

UNLESS  OTHER*, $E  SPECIFIED 
DIMENSIONS  ARE  !N  INCHES 
TOLERANCES  ON 

XXX  -  -  XHO  ANGLES  ±  I*’ 

XX  «  ±  03  FRACTIONS  ±  J 

NEXT  ASSEMBLY 

USED  ON 

APPLICATION 

MATERIAL  j 

BRASj  ROD  ] 
ALLOT  )t>0,  1/2  HARO  5 
QQ-B-E2G  j 

1-900 -024 

l'  TABLE! 


8  S 


* 


N-27 


HOC  EDI  MG  PAGE  HUNK-MOT  FILMED 


2 


REV  STATUS 


□□BOB 


REMOVE  BURRS  OfiO  BREAK  EDGES  .010  MAX. 

SURFACE  TREATMENT :  NONE ;  PARTS  WILL  BE  TREATED  AT 
NEXT  ASST. 

SURFACE  ROUGHNESS:  bj/.  EXCEPT  AS  NOTED. 

00  NOT  APPLY  PART  NO.  TO  PART.  IOENTIFY  WITH  CODE 
I  DEMI .  PART  NO..OASH  NO..  AND  REVISION  LETTER  IAW 
NIL-ST0-1J0. 


TABLE  I 

DIAME1E1 

A  LENGTH  CHART 

DASH  NO. 

■A*  01 A 

“8"  LENGTH 

-1 

.1780 

1.175 

-7 

.1890 

1.175 

-J 

.  19b0 

1.175 

-A 

.1500 

.b75 

-5 

.  1830 

•  b75 

-b 

.1900 

.  b?5 

-7 

.7000 

.b75 

-e 

.1500 

.730 

-9 

.1800 

.730 

-10 

.1870 

.730 

-11 

.1910 

.730 

-17 

.1930 

.730 

-13 

.1940 

.730 

-14 

.1950 

.730 

-IS 

.  1b90 

1.300 

-1b 

.1930 

1.300 

-17 

.1950 

1.300 

-18 

.1975 

1.300 

-19 

.1990 

1.300 

A  I  .0005 


J«—  ”B“* 


.001  length 


110*. M 
I 


A"*. 0010  DU 


5188470 

NGCT  ASSEMBLY 


:iws 

USED  ON 


APPLICATION 


UNLESS  OTHERWISE  SPECIFIEO 
DIMENSIONS  ARE  IN  INCHES 
TOLERANCES  ON 

~  JOtr.  j  010  ANCLES  *  r 

-XX  -  ±  03  ENACTIONS  I 

MATERIAL 

AL  ALT  BAR  bObl-Tb 
IAW  QQ-A-775/8 


005-006-001 


5188409 
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PCnO wk  OlvISIC* 
FOOa.  C«. 


rsc*i  mo. 

51711 


PARTS  LIST 


contract  MUKBC# 


OCPAftTnCNT  or  T*C  HA  TY 
HAVA*.  SCA  STSTtHS  CCHHAM) 
WASHINGTON.  DC  *036? 


I.  SPCC  CON r Ad  M 
?.  SOlKC  CONTROL  M 


ITCH  NOPdCLATURt 

PL  5188"?! 

FILTER  ASSY  SIS 

CO-CR  ASST.S-IS  FLT 
HOUSING  BOOT 
HOUSIfC  COVER 
slug.ti«im> 
COWCCTOR 
?,  COTPCCTOR 


CO»#CCTOP  PIN 
NAS^CP 

A>CSUT.CPOXT 

COATING 

PRITCR 

SOL DTP 

COAT  1»C 

WAS*CP 

WAS*CR 

SOL OCRING 

IL  OT  TCST  WHTH 


rsen  identification 

NO.  NLT8CR 


5f#0N2H 
Sl60N»-| 
S18«n»-3 
51BBS07-? 
Sl68Nl<t-t 
51B0N1*-* 
HSIB99S-I0 
HS51957-? 
RSSI657-* 
516*«15-N 
nsnni-]> 
10001  ?WMJ 

CLASS  } 
5N60IPIFI 

rCO-STO-595 
G«AT  N0.?6?70 

NASG?OCN 

RS35)»I» 

mt-STG-NSN 

5166561 


OOCUHCMT 
NUN  BCR 


RcrtPtNCC 

DESIGNATOR 


REVISION  CODE  ISSUC 

_  DA  re 

I.  ITCH  AOOCD  77/07/?# 

?.  ITCH  DELETED - 

S.  OT Y  CHANGCO  ^ct 

*.  part  mi.  ex 

5.  RISC  CORN  1  v  1 


Rev  NUH0CR 
CO  3? 13  06 


PCHAPKS  AfO  PC  v  DM* 

CONTRACTOR  US£  OXY  COOC  coot 


MIL -C -65IN 
fiiL-p-?un 
00-5-571 
H1L-C-BI77J 


597-600-06*1 
597-600-06? 
TnO-OOI -000 
597-600-061 


N- 31 


tc*£JUL  dynamic* 


FO*AA  C  I VI  SION 
FC*CNA,  CA.  91^6 


CONTRACT  NlACER 

DRAWING  CCCE 

ISvISlCN  CCCE 

DEPARTMENT  Cf  T>C  NAVY 

1.  VCJCC*  VEC.  CONTROL 

i.  itch  added 

NAVAL  SEA  SYSTEMS  CCHMAtC 

K4&24-76-C-T171 

Z.  VDCOR  SlURCt  CONTROL 

z .  ITCH  deleted 

WASHINGTON,  CC  Z0362 

3.  4SSO£lY 

3.  frr  changed 

4.  $FEC.  *  FROC 

4.  ECU  CCAkCCT 

1 5  SUE 
CATC 
77/0*/lS 


very 

i  cr  t 


CCTE  1CCNT 
5371 J 


flic 

NO 


H  5]M«5 


«TT 

RE* 


c<xe 

ICCN< 


ITCH  KUKUM 
HOUSING, 5-13  FILTER 


IDEVTIPICATlCN 

fcOCCR 


N>fcNCtATU« 


OCCUCNT 


REV  UR 


REFERENCE 
DESIGN  re* 


WlV  WCER 


REV  CATC 


SHARKS  A*C 
CONTRACTOR  USE  CNLY 


REV 

COCC 


CWG 

kccc 


6l*S<?3-4 


51t6£?5-2 


51^:25-3 


DOCT 


COVER 


PLATE, DC 


PIN 


AL  ALT  PLATE 
*>-A-2som 
Icxt-ie 

alt  $*cet 

;>-A-2so/ii 

al  alt  skxt 

«-A-«Gm 

ICOC1-T6 


oos-oie-cei 


005-010*045 


005-0  10-030 


CClC*  V  CHFSN  L 


FRI*CR 


TI-r-l7S> 


597-006-001 


